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CHAPTER - I 

GENERAL INTRODUCTION 



INTRODUCTION 

Development of the nervous system is one of :the most complex 

examples of morphogenesis. It involves both the formation of 

intricate tissue structures and their precise interconnection. 

The brain tissue exhibits diversity in the types of cells with 

neurons and glia forming its major components. There are three 

main sources of variability in neural networks during 

development: somatic developmental sequence of network formation 
I 

and neuroanatomy, the chemical variation related to 

neurotransmitters and the electrical variation. These processes 

emerge in a clear cut order· of development. None of these 

processes is fully independent of others~ although their relative 
/ • > -, . \ 

contributions' vary in time. The period in brain development 

following establishment of adult neuronal populations, when 

dendrite growth and increase in synaptic connectivity overlaps 

with development of glia is known as the period of the br~in 

"growth spurt". Besides being an unique period of actual 

physiological importance, it is also recognized as a vulnerable 

period in brain development. 

The formation of a complex nervous system from a simple 

neuroepithelium in the embryo involves many ~vents, such as cell 

migration, differentiation, cefl death and the formation of 

specific efferent ~rid afferent connections. Of the many cellular 

events that contribute to the neural development, cell-cell 

-
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recognition has received particular attention. An example of such 

interaction is the axonal guiding system, which directs the 

correct axons to precise targets during development. It has been 

increasingly evident that the molecules of the cell surfaces and 

the extracellular ,matrix mediate such interactions and both 

genetic and epigenetic processes regulate such interactions 

during development. There are significant b~ochemical evidences 

to indicate that the cell surface carbohydrate residues present 

on glycoprotein& and glycolipids play important roles during cell 

proliferation, differentiation and other events during 

development. 

The role of oligosaccharide chains in brain development is 

emphasized by the facts that N-glyeosy lation is ~critical for 

neuronal differentiation and for the assembly and maintenance of 

functional voltage-sensitive sodium channels in neuroblastoma 

cells(126,295). Enzymological studies with microsomal 

preparations from developing brain have demonstrated increases in 

activities in the N-glycosylation pathway during active 

myelination and synaptogen'esis ( 117). The close temporal 

relationship between the induction of N-glycosylation and glial 

differentiation suggests a possible role- of N-linked 

glycoproteins in the differentiation process<19). 

The development of neural structures proceeds in an orderly 

.sequence as follows (a) neural induction, i,e formation of the 

primitive neural elements; (b) differentiation of the neural 
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plate; (c) formation of the neural tube which will give rise·to 

the central nervous system: (d) formation of the neural crest· 

dorsal to the neural tube, from which cells will migrate to form 

peripheral, sensory and autonomic ganglia and other derivatives; 

(e) formation of germinal zones which generate neuronal and glial 

precursors; (f) cell migration during which neuronal and glial 

elements will travel to their permanent locations; (g) cellular 

differentiation and maturation during which neurons in their 

final locations grow and establish connections; and (h) massive 

neuronal death and attrition. 

The central nervous system develops from a thickened area of 

embryonic ectoderm, the neural plate, which appears by 18 day of 

gestation. The development of the nervous system is initiated by 

an interaction between dorsal ectoderm cells and underlying 

mesoderm cells. This process, termed neural induction, is poorly 

understood. The neural plate gives rise to the neural tube and 

the neural crest. The wall of the neural tube is init.ially 

composed of a thick neuroepithelium. The dividing cells of the 

neural tube move toward the lumen to form the ventricular 

germinal zone in which the cells proliferate. Mitosis takes place 

in the' germinal zones and the neurons migrate only after the 

completion of mitosis. Some of the dividing neuroepithelial ccJls 

differentiate into immature neurons or neuroblasts. The 

• glioblasts differentiate from neuroepithelial cells ma1n1y atter 

neuroblast formation has ceased. The production Df neurons begins 



at around SlX weeks of gestation. The stage of 

4 

cell 

differentiation begins roughly during the 16 1 ~ week and continues 

well into the postnatal period. During cell differentiation, 

neurons grow, develop their dendrites and axons and establish 

synaptic contacts. The advancing axon can select a specific path 

to the target from many of the possible choices. At the tip of 

the axon is the nerve growth cone. The growth cone, in particular 

its cell surface is the element of the advancing neurite to 

encounter a novel component. Myelinogenesis takes place in an 

orderly, regionalized fashion which begins before birth and 

continues well into adult life. The great post natal increase in 

brain weight is largely the result of accumulation of myelin. A 

crucial factor in cortical development, which helps to match the 

number of presynaptic neurons with available synaptic sites, lS 

the process of cell death, which reduces the great excess of 

neurons produced in fetal life. 

With few exceptions, neurons in the mammalian brain 

originate at a considerable distance from the place where they 

reside in the adult. The migration of neurons differs from the 

movement of cells from other organs. First the migration is 

initiated only after completion of the final cell division. 

Second, individual postmitotic cells move actively along 

preferred surface rather than being passively shifted as a group 

of cells. Third the final location of each individual neuron, 

which depends on both the form of its migratory pathway and the 
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speed of its migration, determines its synaptie relations and 

therefore specifies its function. Since the phenotype of an 

individual neuron has been proved 1.n several regions of the 

brain, to be specified at the time of the last cell division, 

failure of the migrating cell to reach the correct destination 

leads to either neuronal death or inappropriate synaptic 

relationships, in either case producing functional deficits. 

Examination of migratory behaviour of postmitotic cells strongly 

suggests that the process depends on surface-mediated 

interactions. With regard to pathway selection, migrating neurons 

fall into three major categories (a) gliophilic cells that follow 

glial fibres and ignore neuronal surfaces (b) neurophilic cells 

that follow neuronal particularly axonal surfaces and ignore 

glial shafts; and (c) biphilic cells that display temporal or 

regional affinities towards either-glial or neuronal surfaces. 

The gliophilic migration is the most prevalent type in mammalian 

brain ( 230). Selective displacement of migrating neurons along 

preferred surfaces can be explained by the presence of at least 
\ 

two types of bonds: one attaching neurons to neurons and the 

other binding neurons to glial cells. 

The proper development of the nervous system depends upon a 

group of cell surface glycoconjugate molecules which are possibly 

involved in cell-cell interaction and recognition. The discovery 

of surface glycoproteins involved in cellular adhesion has opened 

the way for the analysis of the molecular events involved in this 
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important developmental process(66). These molecules have been 

functionally defined as cell adhesion molecules since they 

influence the specific adhesion of cells as judged by in vitrb 

assays. 

In the last few years several high molecular weight 

glycoproteins have been reported which play crucial roles in 

neural development. Surface membrane glycoproteins may be viewed 

as decoders of extracellular information. As such when a cell 

interacts with a substratum or with ligands on the surface of 
' \ 

another cell, the information as to whether to form an adhesive 

complex or not must rest in the molecular architecture of these 

glycoproteins. If the cqrrect combination of molecular signals is 

present, the cell will begin to organize an adhesive complex. 

Ultrastructural studies and a careful examination of the adhesion 

process in culture show that there are several types of adhesive 

interactions, and that adhesion is a stepwise process. According 

to this idea, the cell initially forms loose attachments to its 

substratum or to a neighbouring cell. This attachment triggers a 

series of molecular events i.n which more glycoproteins are 

recruited into the attachment areas, resulting in stabilization 

of adhesion and perhaps eventually in the formation of adhesive 

plaques or well-defined junctional complexes. This is a 

complicated series of events that could be disrupted (and perhaps 

controlled) at any point. It will be difficult both to provo 

whether a particular glycoprotein is involved directly or 
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indirectly with the adhesion process, and to establish precisely 

what role the glycoprotein plays in the series of events leading 

cellular adhesion. Such proof will require carefully correlated 

biochemical, 'immunological, 

studies. 

biological and ultrastructural 

The process by which cells recognise and adhere each other 

is obviously one of the most crucial and complicated events in 

biology. When this process goes well as 1n normal embryonic 

development, 

establishment 

the 

of 

result is 

the intricate 

absolutely 

circuitry 

fascinating­

of the brain 

the! 

and 

peripheral nervous system. But when this process fails tht! 

results are disastrous: terribly malformed individuals on one 

extreme or rampant metastasis on the other. The information for 

establishing and maintaining the correct contacts must lie in the 

expression and organization of molecules on the cell surface. Two 

general approaches have been taken in identifying the molecules 

involved in cell-cell adhesion. One has been to establish in 

vitro systems of cell-cell adhesion involving dispersed embryonic 

tissue or even cultured cell lines and to identify factors that 

either promote or inhibit the particular cell-cell interaction 

being studied(88). A second approach to identify surface 

molecules involved in aggregation consisted of preparing a broad­

spectrum antiserum capable of disrupting some of cell-cell 

interaction, and then attempting to ide~tify the antigens 

involved(96). 
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The most ,thoroughly studied cell-cell adhesion glycoprotein 

to be discovered using antibodies is neural cell adhesion 

molecule (N-CAM)(67). TheN-CAM migrated on SDS-PAGE as a broad 

and continuous band. The heterogeneity was due to the sialic acid 

content of the N-CAM. A comparison of N-CAM from adult and 

embryonic nervous system was made by Rothbard et al(239). The two 

N-CAM preparations cross reacted serologically and each was abln 

to neutralize the adhesion-blocking activity of anti-N-CAM. The 

embryonic form of N-CAM appeared to have· fl higher molecular 

weight than the adult form. The adult form of N-CAM contained 
.. 

about one-third the amount of sialic acid present on the 

embryonic form. In both cases the sialic acid was present as a 

polymer. The role of N-CAM in histogenesis was explored in 

several ways(242,240). N-CAM was found on retinal optic nerve, 

spinal cord and to some extent on muscle and liver cells in 

developing embryos. Anti-N-CAM. Fab was found to block neurite 

.fasciculation of cultured chick dorsal root ganglia. This effect 

was blocked by purified N-CAM. The above. made observations are 

all consistent with N-CAM being a molecule involved in cell-cell 
\ 

adhesion~ The presence of N-CAM on muscle cells Ruqqested that it 

might p1ay a ·role in the neuromuscular interactions leading 

eventually to the formation of myoneural junctions ( 241). The 

binding of myoblasts to monolayers of neural retinal cells could 

be blocked by anti-N-CAM(llO). The N-CAM exhibited hemophilic 

binding properties. The N-CAM has also been detected in human 
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neural tissue(l94). The change in sialic acid content from the 

embryonic to the adult form of N-CAM did not occur in the 

"staggerer" mouse mutant(63). Edelman has speculated that the 

failure of this embryonic to adult conversion might result in 

incorrect neuronal connections causing the neurological disorder 

seen in staggerer mice(64). 

To understand N-CAM's role in development, it is necessary 

to consider morphogenetic mechanisms other than strict 

chemospecificity. These include the regulation of N-CAM 

expression, effects of the carbohydrate heterogeneity on binding 

function and the biological consequences of a hemophilic adhesion 

mechanism. N-CAM seems to be continuously expressed during the 

formation of both nerve and striated muscle tissues. A striking 

aspect of N-CAM expression 1s the transient appearance or 

disappearance of the molecule at sites associated with dynamic 

reorganization of tissue structure. The heterogeneity inN-CAM's 

sialic acid content influences its binding properties, as removal 

of this negatively charged sugar increases the rate of binding of 

N-CAM to cells. The potential exists that the differences in both 

the amount and carbohydrate heterogeneity of N-CAM can produce a 

hierarchy of binding affinities. 

The cell surface adhesion molecules can be divided into two 

groups defined by the calcium ion requirement of the reaction 

they mediate 1n a particular 1n vitro assay(277). The N-CAt-1 

participated in Ca'~-independent rather than ca<~-dependent cell 
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aggregation. In contrast Grunwald et al found that in the neural 
' 

retina, Ca' 1 -dep(~ndent receptors are maximally expressed during 

the height of morphogenetic movement(lll). The neural cell 

surface molecules, Ng-CAM and Ll antigen have also been 

identified as components of calcium-independent adhesion system. 

In addition, there is evidence that N-CAM and Ll co-exist on the 

same cell and could act in combination to augment the specificity 

of neural cell-cell adhesion(232). 

Several groups have made antisera to complex antigens in 

order to identify molecules involved in cell-substratum 

adhesion ( 32). These antibodies are of interest only if they 

perturb adhesion. They do so in vitro by causing the cells to 

completely detach from the substratum or by causing rounding or 

other morphological changes in cells previously stuck and spread 

··on the substratum. Many of these antisera wi 11 also prevent or 

delay the initial attachment of cells to a substratum. Hsieh and 

Sueka prepared antiserum against whole rat neuronal cells tha1: 

inhibited spreading of these cells<136J. Using antibody 

absorption by different adherent and non-adherent cell lines and 

SDS-PAGE ana 1 ysis, these workers showed that adherence correlated 

with the presence of 120 and 80 KDa glycoproteins. 

It is possible to think the cell~cell and cell-substratum 

adhesion within the same conceptual framework. ~owever each type 

of adhesion appears to require some specificity and there must be 

many molecules unique to each system. Studies on N-CAM indicated 
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that anti-N-CAM will block neurite fasciculation and the 

interaction of neurites with myoblasts, but has no effect on the 

interaction of neurites with the substratum. 

The sequential addition and I deletion of monosaccharides is 

one mechanism for appearan~e, disappearance and reappearance of 

antigens during stages of embryogenesis, differentiation and also 

during oncogenesis and other insults to cells. The Ll antigen has 

been found in central nervous system on postmitotic neurons(133). 

It appears to be involved in migration of granule cells as well 

as 1n neuron:;-neuron adhesion and neurite outgrowth ( 85). An 

antibody prepared against Ll prevented the migration of granule 

cells across the molecular layer in cerebellar slices(176). Ll is 

involved in two types of binding mechanisms. In one type, L 1 

serves as its own receptor with slow binding kinetics. In the 

other, Ll is modulated in the presence of N-CAM on one cell (cis­

binding) to form a more potent receptor complex for Ll on another 

dell<trans-binding)(150J. To date all neural cell types in which 

Ll has been detected also express N-CAM. Thea~ neural cell types 

include subsets of postmitotic neurons and certain neural 

tumours(200). In contrast toN-CAM which is uniformly expressed 

on the cell surface of differentiated neurons, Ll is 

predominantly expressed on axons. The association between Ll and 

N-CAM appears to be based on the presence of properly 

biosynthesized complex or hybrid carbohydrate chains(159). The 

versatility of adhesion mechanisms would be of obvious benefit 
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for a complex tissue such as nervous system during its 

development. 

individually 

The 

or 1n 

adhesion molecules 

conjunction, with a 

can function either 

concomitant change 1n 

their adhesive affinities, allowing for an economic use of few 

adhesion molecules in their various combinations. It is likely 

that Ll and another cell surface glycoprotein Ng-CAM are similar. 

The glial cell surface glycoprotein J-1 and the extracellular 

glycoprotein cytotactin have similar molecular weights and 

antigenic properties. 

The myelin associated glycoprotein is restricted to 

periaxonal loop of myelin in the central nervous system and is 

believed to be involved in axon-myelinating cell interactions in 

the central and peripheral nervous system(227). The myelin 

associated glycoprotein , has been shown to mediate neuron­

oligodendrocyte and oligodendrocyte-oligodendrocyte 

interactions(193). 

The remarkable feature of the molecules N-CAM, Ll, Jl and 

myelin associated glycoprotein was that they were all 

antigenically related as they share a common carbohydrate epitope 

as recognised by the L2 and HNK-1 antibodies(l97,304). The exact 

nature and function of this carbohydrate epitope on these cell 

adhesion molecules are still unknown. The lipid extract ftom 

adult brains from various mammalian species did not contain the 

antigen for HNK-1 antibody. However when embryonic rat, pig, and 

human fetal brains were examined, HNK-1 reactive glycolipids were 
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observed easily ( 251). Gangl iosides and neutral glycoshingolipids, 

considered as cell surface antigens, have been implicated in 

various cell surface phenomena such as the control of cellular 

growth, differentiation and receptor function. Several studies 

have noted that ganglioside GD3 constitutes a large proportion of 

total gangliosides in the immature vertebrate central nervous 

system, which then decreases with development and is replaced by 

more complex gangliosides(252). Gangliosides, such as GQlb, when 

added to nerv~ cell culture medium induce neurite outgrowth and 

a number of chemical investigations which claim or disclaim the 

ro of gangliosides in the therapy of a variety of nervous 

system disorders have appeared(173). Molecules that contain the 

L2/HNK-1 epitope make up the L2/HNK-1 family of cell-adhesion 

molecules. Further, since only some of the polypeptides of a 

particular adhesiori molecule express the epitope, the expression 

of the carbohydrate structure seems to occur independently of the 

protein backbone ( 168). The importance of a "cell-adhesion family" 

lies in the finding that molecules expressing the epitope appear 

to have similar physiological roles and there are hints that the 

epitope itself may be involved in cell adhesion. A second cell­

adhesion fa~ily is characterized by the L3 carbohydrate 

epitope(7). Members of this family include some members of the 

L2/HNK-1 family (i.e.Ll and MAG), as well as distinct molecules 

such as adhesion molecule on glia (AMOG) (7). 
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The D2-cell adhesion molecule was originally described as 

nervous system specific membrane protein enriched in fractions of 

synaptosomal plasma membranes(28). It has been shown that the 

antibodies against D2 can inhibit fasciculation of neurites from 

cultured rat sympathetic ganglia. The human D2-cell adhesion 

molecule exhibited a decrease in molecular weight with 

development(27). The decrease in molecular weight was probably 

due to the re~oval of sialic acids during development. Lectin 

positive and lectin negative forms of D2 were present in varying 

proportions during development, indicating a heterogeneity of the 

carbohydrate moiety of D2 at any stage of development(27). The 

concentration of 02 was higher at early stages of development 

than in adult tissues ( 30) • The glycoprotein was involved 1n 

intercellular recognition processes during synaptogenesis{147). 

A monoclonal antibody, anti-BSP-2, has been produced against 

glycoproteins extracted from neonatal mouse brain<l30). 

Immunoprecipitates prepared with BSP-2 antibody contained a 

triplet of high molecular weight glycoproteins. In primary 

cultures of dissociated cerebellar cells, the antibody bound to 

neuronal cell types but not to astrocytes(130). Thy-1 was anotl;ter 
' ' 

cell surface glycoprotein purified from rat and mouse brain and 

lymphoid ce1ls(195). 

The adhesion molecule on glia CAMOG) is an integral membrane 

glycoprotein expressed by glia and was reported to be involved in 

neuron-glia interaction but not astrocyte-astrocyte adhesion(?). 



15 

AMOG is an adhesion molecule that mediates cerebellar granule 

cell migration by specifying the direct contact between the 

migrating neuron and the "contact-guiding" astroglial process, 

the Bergmann glial fibre. AMOG is detectable shortly before the 

onset of granule cell migration and unlike Ll and N-CAM that 

remain expressed also in adulthood, ceases to be detectable on 

Bergmann glial cells at the end of migratory period. Its 

.developmental appearance and disappearance coincides ·temporally 
\ 

with granule cell migration. 

Edmondson et al reported an antiserum raised against whole 

mouse cerebellar cells that blocks specific neuron-glia 

association, an .activity which they named as anti-

astrotactin(69). Astrotactin is a cell surface glycoprotein wifh 

an apparent molecular mass 100 KDa present on granule neurons" 

harvested from mice. Preliminary evidence indicates that the 

astrotactin activity is needed for both neuronal migration along 

astroglia and for neuronal regulation of astroglial cell growth. 

Further evidence suggests that the astrotactin activity is 
\ 

missing or defective on granule cells from the neurological 

mutant mouse weaver, an animal that suffers a failure of glial-

guided~neuronal migration. In cultures from normal cerebellumt 

granule neurons bind to and migrate along glial processes<121). 

Weaver neurons fail to bind or to migrate on either weaver or 

normal glia. In contrast normal neurons bind to and migrate on 
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both weaver and normal glia. The weaver mutation primarily 

affects granule neurons. 

Ng-CAM is a cell surface glycoprotein reported to be present 

on neuronal cells of the chick embryo and is responsible for the 

interaction of neuronal cells with glial cells<l09). The Ng-CAM 

is distinct from the previously described N-CAM. Moreover, since 

Ng~CAM is not ;detected on glial cells, neuron-glial interaction, 

unlike neuron-neuron adhesion, appears to be between different 

molecules, one of which is Ng-CAM. The adhesion between neurons 

and myotubes, for example appears to be mediated by a hemophilic 

mechanism in which N-CAM on the neuron binds N-CAM on the 

myo,tube, whereas the interaction between neurons and glial cells 

appears to be heterophilic. In contrast to the N-CAM which ,is a 

primary cell adhesion moJecule, Ng-CAM is has been termed as a 

secondary cell adhesion molecule. The Ng-CAM is not expressed on 
' \ 

neurons until they become postmitotic and migrate from their 

proliferative zones. 

A glycoprotein, G4 antigen, isolated from chick brain by 

monoclonal antibody and lectin affinity chromatography was 

related to mouse Ll antigen( 233). A second glycoprotein, Fll 

antiged, was also isolated from adult chick brain using 

monoclonal antibody F11(233). Both G4 and Fll antigens share with 

N-CAM, the HNK-1/L2 carbohydrate epitope. The antibodies against 

the glycoproteins significantly reduced the average length o£ 
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chick sympathetic neurites growing on chick sympathetic 

axons<46). 

The isolation and biochemical study of cell •urface adhesion 
\ 

molecules have allowed an analysis of their spatial and temporal 

distribution and mechanism of action during various epochs of 

neural development. The accumulated data suggest that a small 

number of adhesive surface glycoproteins can mediate the neural 

development, provided that their binding activities are locally 

modulated by epigen~tic means in dynamic fashion(65). Potential 

modulation mechanisms include differential chemical alteration, 

variation in temporal expression and variation in prevalence or 

surface density in different regions of a tissue or organism. By 

changing the binding behaviour of cell adhesion molecules, the 

various modulatiori events would directly or indirectly alter the 

dynamics and interactions of other primar~ processes of 

development such as cell movement, differentiation, division and 

death. Changes either in ~revalence of cell adhesion molecules 

at the cell surface or in their individual binding strength 

through embryonic to adult conversion would be expected to lead 

to different interactions among the cells that were subject to 

other ,.primary processes. Both the above mentioned modulatory 

changes were observed with N-CAM. When neural crest cells first 

appear they stain for N-CAM. As soon as they begin their 

migration, however they lose this staining. Whe~ the neural crest 

cells reach their destination, and just before they form ganglia, . 
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N-CAM reappears on·their surface. During brain development, while 

N-CAM continues to be used in later stages, at least one new 

specificity (Ng-CAM) is required for ~euronal migration. 

Moreover, in later periods it was observed t~at not only changes 

in the prevalence of Ng-CAM and N-CAM but also embryonic to adult 

conversion are called into play, particularly at times at which 

various neuronal fibre tracts are being mapped. The rate of 

conversion, its time of initiation, or its degree in different 

cell types may differ in biologically different regions of the 

brain. 

One of the main objectives of the study of neural 

development is to explore the role of cell adhesion molecules in 

disease. Primary genetic abnormalities involving the cell surface 
\ 

glycoproteins may either be lethal or difficult to detect, 

because the molecules play a fundamental role in very early 

development. Defects in processes mediated by N-CAM in specific 

subpopulations of cells might, however, lead to 

cytoarchitechtonic abnormalities such as defects of neural tube 

closure, microgyria, lissencephaly or any of the 

heterotopias(194). N-CAM might also be involved more indirectly 

in other diseases, perhaps as a target in various 

polyneuropathies or encephalomyelitis that may have autoimmune 

etiologies. The cell adhesion molecules have a role in the 

metastasis of particular kinds of .cancer cells. Recent studies 

have shown, f.or example that transformatio~ of embryonal neu~al 
1 
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cells by tumour viruses such as Rous sarcoma virus leads to a 

loss of N-CAM mediated adhesivity(107). 

In addition to their role in brain development, the surface 

glycoproteins also partake in the complex central nervous system 

cell sociology. Morphological studies of the central nervous 

system revealed an incredibly complex meshwork of neuronal and 

glial somata, axons, dendrites, glial processes, myelin and 

capillaries. These cellular entities differ on the basis of 

anatomical and neurophysiological properties. The human brain 

contains an estimated 10 11 neurons, some of which may have up to 

80,000 synaptic contacts on its surface(51). One of the goals of 

the neurobiologist is to acquire information on the structure and 

function of membrane components at a molecular level. Within this 

area of study, one of the major interests has focused on membrane 

glycoproteins. Studies during the past, two decades have 

concentrated on the identification and characterization of 

membrane glycoproteins that may be useful in distinguishing or 

are unique to, specific classes of neurons, and different types 

of synapses. Cell-cell interactions in the nervous system are 

assumed to have developed to a high degree of precision because 

of the many cellular connections diverging and converging from 

one cell to another. The molecular mechanisms underlying these 

phenomena remain largely obscure, but it may be assumed that 

specific cell surface glycoproteins play an important role. The 

study of neural cell membrane markers is therefore expected to 
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improve our understanding of cellular communications. The extreme 

heterogeneity of the nervous system though a major problem ,in 

understanding the place of glycoconjugates in the functioning of 

the nervous system, is at the same time the essential basis of 

its function. 

The nervous system is characterized by unusually high 

concentrations of cerebrosidee;, sulfa tides and gang 1 iosides. 

Gangliosides are overwhelmingly concentrated in neuronal plasma 

membranes(57 ,238). The glycosidases and other enzymes involved 1.n 

the hydrolysis of glycoproteins and glycolipids do not appear to 

be markedly specific in vitro and the synaptosomal plasma 

membrane neuraminidase appears to hydrolys~ both glycoproteins 

and glycolipids(95,143,226). Confirmation of this lack of 

specificity has been obtained in vivo, since defects 1.n 

ganglioside degradation are accompanied by similar changes in 

glycoprotein degradation(37,38,36). 

In all solid tissues, cells adhere to each other and to the 

substratum. The cell surface glycoproteins play an important role 

in the adhesive events which are instrumental for the maintenance 

of tissue architecture. Synaptic glycoproteins seems to be 

involv~d in the exocytosis-endocytosis 6ycle which Lakes place 

during transmitter release(129). The cell surface glycoproteins 

have been implicated in receptor-ligand interactions. Neurons 

especially rely upon plasma membrane glycoproteins for circuitry 

formation and other intracellular connections(50). Many 
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neurotransmitter receptors that have been identified thus far 

have been glycoproteins. These include the «-adrenergic and those 

for dopamine and muscarinic acetylcholine receptors< 257,256,156)., 

Of further importance are those studies that have demonstrated 

differences in the surface glycoconjugates between perikaryon and 

perikaryal projections and between different neuron types 

(122,221,60,59). The neuron type specificity o! surface 

glycoproteins are consistent with the concept that surface 

carbohydrates are involved in neuronal recognition(222>• 

The cell to cell adhesion appears to be largely a mechanical 

phenomenon: that is, cell surface adhesion molecules physically 

hold two membranes together. However there is evidence that cell-

cell adhesion can also generate biochemical signals which lead to 

alterations in gene expression and I f~nctional ~roperties of 

neural cells(l). The direct contact between neurons and glial 

cells in vitro promotes biochemical changes in several different 

types of glial cells. Such changes include the induction of 

cortisol-mediated glutamine synthetase in chick retinal and 

tecta! glial cells, stimulation of cell division and 

morphological differentiation accompanied by cessation of 

prolifefation(177,178,118,123). Neuron-neuron contact has also 

be~n shown to produce changes in cellular biochemistry in vitro. 

Levels of neurotransmitter biosynthetic enzymes and of 

neuropeptides are regulated by cell-cell contact in rat and chick 

sympathetic neurons ( 2, 3, 4). There, are two general biochemic,al 
I 
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mechanisms by which cell contact could cause alterations in cell 

biochemistry: (a) the cell adhesion glycoproteins could serve to 

hold the appropriate cells together, while different molecules 

actually generate signals between cells or (b) a single molecule 

or ligand-receptor complex could function simultaneously ~n both 

capacities. In ElO chick sympathetic neurons, there is a cell 

contact-dependent increase in the specific activity of choline 

acetyl transferase over the first several days in culture(!). The 

above mentioned effect was similar to that which has been 

previously described using rat sympathetic neurons, where contact 

between neurons resulted in an increase in both choline acetyl 

transferase activity and substance P concentration{3). 

The significance of surface glycoconjugates in the central 

nervous system cell sociology was further illustrated by the 

identification of endogenous lectins in brain( 8,316,40). One o~ 

them called cerebellar soluble lectin has been detected in 

oligodendrocytes and seems to be involved in myelin 

formation(3171. The lectin was found to be present in compact 

myelin and in zones of contacts between different myelin sheaths 

or oligodendrocyte membranes. The cell contacts between different 

oligodendrocytes or between adjacent lamellae in myelin were 

mediated by lectin-glycoprotein interactions. This hypothesis was 

demonstrated by two ef~ects of anti-lecti.n Fab fragments on 

oligodendrocyte cultures: (ll The almost complete detachment of 

the cell layer from the culture substratum, and <2> the loss of 
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myelin compaction by a separation of lamellae at the intraperiod 
' 

line. The developmental regulation of the lectin in neonatal rat 

brain has been demonstrated(258). 

Understanding the specific molecular interactions that 

govern the social behaviour of cells is of pivotal scientific and 

clinical importance. When considering the modulation of 

recognitive phenomena there is still a strong prejudice towards 

thinking in terms of proteins. It is now however beginning to be 

appreciated that the carbohydrate moieties of glycoproteins 

satisfy important prerequisites to take part in recognitive 

mechanisms. By their enormous potential to form structural 

diversity they can serve as ideal candidates to carry biological 
\ 

information. Consequently it 1s not surprising to unravel 

programmed and strictly regulated changes 1n carbohydrate 

,composition and sequence in the expression of glycoconjugates 

within the course of complex processes such as development ..twi 

differentiation. The difference in the structure and arrangement 

of oligosaccharide chains seems to be a crucial factor of cell 

individuality and contributes to specific cell contacts. If a 

cell looses its specific properties and I its contacts with the 

environfuent are changed, e.g. during growth, differentiation, 

ageing or malignant transformation,,dramatic changes often occur 

in the glycoconjugate composition of cells(2.03). 

The sign~ficance of cell surface glycop,roteins has also be'en 

reflected in the field of oncology. The cell surface interactions 
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are important during tumorigenesis, tumour progress1on and 

metastasis. Cell surface glycoconjugates, particularly are known 

to be involved in the complex process of metastasis. Surfacn 

glycoconjugates of tumour cells play multiple roles in the 

interactions of malignant cells with host systems including the 

host immune system. The differences in surface molecule 

expression are related to the resistance of the metastatic tumour 

to killing by the host's immune mechanisms(2b9,196,1U4>. High and 

low metastatic malignant lymphoma cells have differential cell 

surface glycoconjugate expression particularly of sialylated 

molecules(149,234). The metastatic lymphoma cells were resistant 

to natural killer mediated cytolysis in contrast to the parental 

cells which could be due to the differential expression of 

surface g 1 ycocon jugates ( 148) . The ce 11 surface carbohydrates 

mainly associated with glycolipids and integral membrane 

glycoproteins, can cover the entire cell surface. By consequence, 

they form the first layer of interactions. between cells and 

contribute significantly to the chemical, immunological and 

"lectinological" identity of the celllll5,262l. 

Neoplastic cell surface glycoproteins showed aberrant 

glycosylation. It has been established that a structural change 

1n fucose containing, N-glycosidically linked carbohydrates 

constitutes a discrete step in the progressive, multistep process 

of rna l ignant transformation, being a specific and necessary 

determinant of the tumorigenic phenotype(297,261,298l. The 
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increase 1n apparent molecular weight of the surface 

glycoproteins was due to an increase in terminal sialic acid 

residues in more highly branched structures(276,312). Terminal 

sialylation of cell surface glycoconjugates has also been 

correlated with increased metastatic potential in a number of 

murine tumour cell models<314). An increased level of sialylation 

of surface-e~posed carbohydrates 1n tumour cells may be a 

necessary condition for reducing the tumour cell adhesion to 

extracellular matrix proteins and susceptibility to immune 

destruction, phenotypes essential for the manifestation of 

invasiveness and tumorigenicity( 56). The invasion was directed by 

a gradient in the level of carbohydrate sialy lation, irrespective 

of a normal or malignant origin of the confronting tissues(245). 

However the sialic acid has a known negative impact on the 

adhesive for<!:!es between cells which are mediated by cellul'ar 

adhesion molecules(239). One of the most consistently observed 

alterations following neoplastic transformation is a shift toward 

the synthesis and express1on of larger Asn-linked 

oligosaccharides(298,289). An increase in cell-surface Asn-linked 

complex type oligosaccharides that contain an N-acetylglucosamine 

residue linked ~1-6 to mannose has been demonstrated following 

viral transformation(223). A shift in the glycoform population of 

glycoproteins on the tumour cell surface towards those with the 

branching oligosaccharides was associated with a corresponding 

increase in the metastatic potential of that cell. The express1on 
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of polylactosamine sequences may contribute to the decreased 

tumour cell adhesion on extracellular matrix proteins. Presumably 

the actual metastasis of a particular tumour cell would occur 

once a critical threshold of the appropriate glycoform 

populations had been achieved. The cells ·expressing high 

densities of high mannose type, hybrid type, and incomplete 

complex type (i,e.exposed GlcNAc) N-linked qligosaccharides are 

more sensitive to natural killer cell lysis than tumour cells 
·' 

expressing completely processed sialylated complex type 

oligosaccharides which appear to escape natural killer 

surveillance(55). 

Structural changes in surface carbohydrate expression may be 

the result of (a) blocked synthesis, s'ometimes accompanied by 

accumulation of precursor oligosaccharides; (b) loss of 

crypticity by membrane conformational change; (c) activation of 

glycosyltransferases in progenitor cells resulting in 

carbohydrate neosynthesis; (d) accelerated degradation of cell 

surface 
\ 

glycoconjugates; or (e) a switch in the qualitative 

expression pattern of certain glycoconjugates• As a result of 

these changes in carbohydrate content particularly glycolipids, 

the tumour cell membrane may result in an altered fluidity, which 

in turn may affect the function of receptors, membrane enzymes 

and cellular metabolism(115). The removal of cell surface fucose 

by enzyme treatment decreased the metastatic but not tumorigenic 

properties of malignant cells(307). A remarkable feature of the 
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tumour associated carbohydrate antigens is their close 

relationship with the classically known blood group 

antigens ( 213). Most types of tumour associated carbohydrate 

antigens defined by monoclonal antibodies have been found to be 

highly expressed at certain defined stages of embryogenesis and 
' ' ' 

fetal development. One such structure SSEA-1, often found o~ a 

poly lactosamine backbone was also expressed at the blastocyte 

stage in the mouse(23). The addition of multivalent SSEA-1 

containing structures has been shown to decompact pre-

implantatton mouse embry?s in tissue culture, suggesting that the 

structure is part of a stage-specific recognition system(23). In 

addition monoclonal antibodies that react with SSEA-1 structure 

hawe been shown to inhibit cell~substratum adhesion of F9 

teratocarcinoma cellsC212). Embryogenesis is an orderly process 

involving cell proliferation, cell invasion and cell migration 

over extracellular matrix, characteristics. that appear to be 

similar to those required of metastatic tumour cells(179). 

Although the re~expression of embryonic carbohydrate structures 

by tumour cells· may simply reflect the expression of earlier 

genetic programs, it is also possible that certain structures 

that are~~nvolved in embryonic cell-cell interactions may enhance 

the malignant potential of tumour cells. 

The functional significance of the above mentioned surface 

glycoconjugates could be attributed to their carbohydrate 

residues. GlycQconjugates found in the biological systems include 
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glycopr9teins r \ glycolipids and the proteog 1 yea ns·. 

Glycosphingolipids are widely distributed in animal tissues, 

particularly in synaptic membranes of brain and cell surfaces. 

'fhe commonly occurring glycosphingolipids can be classified into 

two different families, the acidic gangliosides and the neutral 

glycosphingolipids. Long chain glycosphingolipids of blood group 

or globoside families are important constituents of the plasma 

membranes of normal and transformed cells. Very little is known 

about the function of these glycolipids on cell surfaces. 

Glycoproteins_ are proteins with covalently linked sugars 

ubiquitous in nature and are found in all ~iving organisms(215). 

Glycoproteins occur in cells, both in soluble and membrane-bound 
\ 

forms, as w~ll as in the intercellul~r matrix and in 

extracellular fluids. This class includes enzymes, 

immunoglobulins, hormones, toxins, lectins, and structural 

proteins. Although 200 different monosaccharides are found in 

nature, only 11 are known to occur in glycoproteins(253). Most of 

these are hexoses or their simple derivatives, such as N­

a·cetylhexosamines and ur~nic acids. L-fucose and two pentoses- L-

arabinose and xylose are also glycoprotein constituents. More 

than 20 1 different sialic acids have been identified; the most 

common being N-acetylneuraminic acid and N-glycolyl-neuraminic 

acid. The sugars in glycoproteins also occur ·as sulfate or 

phosphate derivatives. 
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Glycosaminoglycans are high-molecular-weight linear 

carbohydrate polymers that are generally composed of disaccharide 

repeating units of an uronic acid and a hexosamine. Chondroitin 

sulfate and heparan sulfate occur as proteoglycans in which the 

polysaccharide chains are covalently linked through xylose 

residues to the hydroxyl groups of ser1ne residues of a protein 

moiety. The glycoproteins differ from the glycosaminoglycans in 

the following major respects: (a) they do not usually contain 

uronic acid; (b) they lack a serially repeating unit; (c) they 

contain a relatively low number of sugar residues 1n the 

heterosaccharides, which are often branched; and (d) they contain 

several sugars that are not characteristic compounds of 

glycosaminoglycans. 

The most distinctive feature of glycoproteins 1s the 

carbohydrate-peptide linkage. The sugar chains of glycoproteins 

can be classified into two groups by the structure of their 

linkage regions to the polypeptide backbone. Sugar chains 

attached to the polypeptide by an 0-glycosidic linkage and the 

second major class of N-glycosidically linked sugar chains where 

the linkage 1s between the N-acetylglucosamine to the amide 

nitrogen of asparagine(163). The structures of different 

oligosaccharide chains found in glycoproteins are given figure 1. 

Several types of 0-glycosidic linkage occur between N-

acetylgalactosamine, galactose and xylose on the one hand and the 

hydroxyl groups of ser1ne, threonine, hydroxylysine, and 
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Adapted from Elbein,A.D.(1984) CRC.Crit.Rev.Biochem.l.6, 

21-149. 
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type of 

glycosylation in which N-acetylglucosamine is 0-glycosidically 

attached to protein was described and was found to be enriched on 

many proteins localized to the cytoplasmic and nucleoplasmic 

compartments of the cellC164,135). 

of the carbohydrate in brain glycoproteins is Majority 

linked via N-acetylglucosamine to the amide 

residues in the protein moiety ( 189). asparagine 

nitrogen of 

The N-linked 

oligosaccharides contain a core pentasaccharide Man~l-6(Man~l-

3)Man~l-4GlcNAc~l-4GlcNAc(203). Structurally, the asparagine-

1 inked sugar chains can 

Oligosaccharides which 

be classified into three 

contain only mannose 

subgroups. 

and N-

acetylglucosamine residues, have been classified as high mannosP. 

type. The high mannose type oligosaccharides typically have two 

to six additional mannose residues linked to the pentasaccharide 

core. In complex type sugar chains structural variation arises by 

the addition o£ outer branches with lactosamine sequence to the 

~-mannose residues of the pentasaccharide core(219,310,220). The 

complex type structure can be furthernodified by the addition of 

extra sugar residues that elongate the outer chains. The hybrid 

chain stfuctures are so named because they have features of both 

high mannose and complex type oligosaccharides(275,311). Most 

hybrid molecules contain a ''bisecting" N-acety lg 1 ucosamine 1 inked 

~1-4 to the ~-linked mannose residue, although some exceptions 

exist ( 139,292,313). In the polypeptide chains, the amino acid 



sequence next to the glycosylated asparagine was Asn-X-Ser/Thr 

where X can be any amino acid other than proline and aspartic 

acid(l92). 

There are large variations 1n the number and type of 

carbohydrate units attached to glycoproteins. At one extreme are 

glycoproteins such as ovalbumin and bovine ribonuclease B which 

contain a single oligosaccharide unit per molecule. At the other 

extreme is ovine submaxillary mucin which contains 205 

disaccharide chains per molecule. A single glycoprotein may 

contain more than one type of carbohydrate-peptide linkage. 

Sugar chains are formed by the sequenti~l action of glycosyl 

transferases. The structures of the final sugar chains produced 

are determined by the specificity of each glycosyltransferase. A 

shortage in certain nucleotide sugars, changes 1n relative 

glycosyl transferase activities and other factors can 

theoretically induce changes in the major sugar chain structures. 

Such a mechanism has been proposed to explain the 

microheterogeneity of sugar chains. 

Glycoproteins are important constituents of cell membranes. 

The membrane glycoproteins are amphipathic molecules- that is, in 

addition to the hydrophi lie Rf~quences usuiilly found in soluble 
\ 

proteins, they contain a hydrophobic sequence which anchors them 

to the lipid bilayer. Because of this, glycoproteins can be 

extracted from membranes only by solvents that break hydrophobic 

bonds. They are therefore classified as integral or intrinsic 
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The carbohydrate units are often 

clustered near one end of the molecule, and this hydrophilic 

portion is exposed on the external side of the plasma membrane. 

Carbohydrates are thus asymmetr ica 11 y distributed across the 

membrane bilayer. At least some of the intrinsic glycoproteins 

pass all the way through the bilayer so that they are exposed to 

both the external and internal environment. The internal segments 

of such intrLnsic glycoproteins may be closely associated with 

some of the proteins located at the cytoplasmic face of the 

membrane. In this way, the transmembrane glycoproteins may 

provide a means of communication across the bilayer, either for 

the transport of solutes and water or for the transmission of 

signals in response to external stimuli, such as hormones, 

antibodies or other cells. 

The cell surface carbohydrates have an enormous potential 

for coding biological information. In peptides and 

oligonucleotides, the information content is based on the number 

of monomeric units and their sequence, whereas in carbohydrates, 

information 1s also encoded 1n the position and anomeric 

configuratiqn (a or e) of the glycosidic units and in 'the 

occurrence of branch points. Further structural diversification 

may occur by covalent attachment of sulfate, phosphate and acetyl 

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

compounds can be derived from a relatively limited number of 

monosaccharides leading to the hypothesis that "the specificity 



3~ 

of many natural polymers lS written in terms of sugar residues 

and not of amino acids or nucleotides"(254). There are strong 

evidences that this diversity is biologically significant, since 

in many cases carbohydrates modify the activities of proteins to 

which they are attached and a 1 so serve as markers of cell 

differentiation, development and pathological 

statesC114,208,229). 

The carbohydrates of 

physicochemical properties of 

glycoproteins modify 

proteins by changing 

the 

their 

hydrophobicity, electrical charge, mass and size. Glycoproteins, 

especially if they are sugar rich are more resistant ~to 

proteolysis than the nonglycosylated ones. Nonglycosylated 

fibronectin synthesized in chick embryo fibroblasts in presence 

of tunicamycin was degraded intracellularly at a much faster rate 

than the glycosylated protein(216). Carbohydrates serve as 

important recognition markers on glycoproteins in solution as 

well as on cell surface. The classical work of Ashwell and his 

coworkers had demonstrated that remova 1 of sialic acid from 

circulating glycoproteins leads to a dramatic enhancement in the 

rate of glycoprotein clearance from the circulatory system(206). 

The asialoglycoproteins are rapidly taken up and catabolized by 

the liver. The binding protein that was presumed to be 

responsible for this reaction was purified from rabbit 

liver(l53). Clearance systems in which sugars other than 

galactose serve as determinants also have been identified, and in 
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some cases the specific carbohydrate-binding proteins have been 

isolated. For example, a system specific for clearance of 

glycoproteins terminating with mannose and N-acety lglucosamine is 

present in chicken, rat, and rabbit livers(186). A different 

system, in which carbohydrates on soluble glycoproteins serve as 

determinants of recognition 1s that responsible for the 

intercellular segregation and selective uptake of lysosomal 

glycosidases by fibroblasts. The major role of the phosphomannose 

residues on newly synthesized acid hydrolases and phosphomannose 

receptors on some membranes is to allow segregation in the Golgi 

apparatus. The receptor-ligand system thus prevents loss of the 

lysosomal enzymes from cells. In analogy to the role of 

carbohydrates in determining the survival time of glycoproteins 

1n the circulation . system, sugars on cell surfaces may be 

important in determining the life span to circulating cells and 

the distribution in specific organs 1n the body. Thus human 

erythrocytes which normally persist in the circulatory system for 

about 12 0 days are absorbed with in hours and phagocytosed by 

liver after treatment with neuraminidase(278). The sugars serve 

as recognition markers in cell-cell, cell-virus and cell-bacteria 

interactions. Moreover, cell surface glycoproteins are the 

immunodeterminant structures of blood group A,B,H and M/N 

specificities or act as acceptors for a number of lectins(300). 

Evidence has been presented to indicate the fundamental 

importance of carbohydrate structure recognition in the immune 
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system. The cell surface glycoproteins presumably play a 

structural role in stabilizing the cell membrane. Oligosaccharide 

chains can influence the ability of protein to fold properly. 

Studies with the sialic acid rich glycoproteins of saliva and 

intestinal, tracheal or cervical mucus have led to the conclusion 

that the sialic acid is responsible for the high viscosity and 

the £unction of those mucins as lubricants(l05). On the other 

hand, the av,ailable information shows clearly that the presence 

of carbohydrate is not always ·essential for the particular 

function of the glycoprotein in which it occurs. 

The asparagine-linked oligosaccharide is assembled in 

endoplasmic reticulum on the lipid carrier dolichol phosphate. 

The lipid linked oligosaccharide is known as the "G-

oligosaccharide". The sequence of reactions of "dolichol 

phosphate cycle" for the formation of G-oligosaccharide is given 

in figure 2. An examination of protein s~quences has revealed 

that only about one third of the potential Asn-X-Ser/Thr sites in 

proteins are actually glycosylated(l65). The glycosylation occurs 

co-translationally and the asparagine that 1s to be glycosylated 

is part of a growing peptide chain that 

foldi9g. Consequently the period of 

1s in the process of 

time during which 

glycosylation can occur may be quite brief. Once the protein has 

folded, potential glycosylation sites are no longer accessible to 

the oligosaccharyl transferases ( 224). The efficient glycosylation 

of proteins is dependent on _a sufficient pool of completely 
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glycosylated lipid-linked oligosaccharide donor, an adequate 

activity of oligosaccharyl transferase and a properly oriented 

and accessible Asn-X-Ser/Thr sequence in the acceptor. The 

precursor Glc,Man,GlcNAc 1 is transferred from the lipid donor to 

an asparagine in a nascent polypeptide during its vectorial 

transport across the membrane of the rough endoplasmic reticulum. 

The processing of the oligosaccharide chains begins in the 

endoplasmic reticulum and have been shown to occur co-

translationally<ll). Both integral membrane and secreted 

glycoproteins undergo the same sequence of events in rough 

endoplasmic reticulum, but with various glycoproteins some or all 

of the steps, including the glycosylation event, may occur after 

the polypeptide chain is completely synthesized(137). With the 

exception of glycoproteins that are permanent residents of the 

endoplasmic reticulum membrane, the newly synthesized 

glycoproteins are next transported to the cis Golgi cisternae by 

means of vesicles which are believed to bud from the rough 

endoplasmic reticulum and then fuse with the Golgi membrane( 144). 

When the glycoproteins arrive in the Golgi, they traverse the 

stack from the cis through medial to trans cisternae by vesicular 

transpo~t(18). Further oligosaccharide processingtakes place in 

the Golgi complex. The schematic pathway of ol igo,saccharide 

processing of glycoproteins is given in figure 3. The final 

oligosaccharide structure assembled on a glycoprotein is dictated 

to a large .extent by the order in which that glycoprotein 
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Figure 3. Schematic pathway of;'oligosaccharide processing on 
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(2) e~-glucosidase I, (3) a-glucosidase II, (4) ER Cl 1,2-
mannos idase, ( I ) N-acety 1 g 1 ucosaminy 1 phospho-transferase, 
(II) N-acetylglucosamine-I-phosphodiester e~-N-acetylgluc­
osaminidase, (5) Golgi o-mannosidase I, (6) N-acetylgluc­
osaminyltransferase I, (7) Golgi Cl~mannosidase II, (8) N­
acetyl glucosaminyltransferase II, ( 9) fucosyl-transferase, 
(10) galactosyltransferase, (11) sialyl-trasferase. The 
symbols represent: a ,N-acetylglucosamine; 0 ,mannose; 
A ,glucose; L;;, ,fucose; · e ,galactose; +,sialic acid. 
Adapted from Rornfeld,R. ,and Rornfeld,S. (1985) Ann.Rev. 
Biochem. 2!,631-664. 
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encounters the processing glycosidases and glycosyl transferases 

and their specificity. It is apparent that, many thousands of 

different oligosaccharide structures could be assembled from the 

combined and sequential action of the processing enzymes. Yet 

only a limited number of structures is observed. This is due to 

the rigid substrate specificity of the processing enzymes. The 

asparagine-linked oligosaccharides may undergo further post-

translational modifications, including phosphorylation of mannose 

residues, sulfation of mannose and N-acetylhexosamine residueA 

oand a-acetylation of sialic acid residues. 

The synthesis of 0-linked oligosaccharides appears to occur 

almost entirely by sequential glycosylation where the product of 

one glycosyltransferase is utilized as an acceptor substrate by 

another glycosyl transferase. Synthesis begins with the transfer 

of N-acetylgalactosmine to the hydroxyl group of threonine or 

serine by the enzyme UDP-GalNAC: polypeptide' transferase. The 

initial glycosylation event can occur on nascent chains as they 

are being synthesized on the rough endoplasmic reticulum(267). 

After the sequence GalNAc Thr/Ser is formed, either galactose or 

sialic acid can be transferred next. The addition of sialic acid 

before galactose would terminate the oligosaccharide as a 

disaccharide. Once the disaccharide Gal~l-3GalNAc Thr/Ser was 

formed, the preferred sequence of addition of further sugar 

residues is sialic acid, fucose and N-acetylgalactosmine 
\ 

respectively. 
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Even within a single glycoprotein, the oligosaccharide 

structures exhibit considerable microheterogeneity. On first 

principles, it would seem evident that oligosaccharide structure 

is under genetic control at the level of the expression of the 

number and type of glycosyltransferases which are produced in a 

cell. The relative amounts of the various glycosyltransferases 

produced by a,cell may determine which of the several alternative 

biosynthetic pathways will predominate. The situation at branch· 

points can simply be viewed as competition for a common acceptor 

substrate by two glycosyl transferases. 

The presence of carbohydrates offers a convenient handle for 

the use of lectins in the glycoprotein isolation and 

characterization. Lectins are a group of sugar-binding and cell­

agglutinating proteins of non-immune origin that are ubiquitous 

in plants, but are also found in microorganisms and animals. 

Glycoproteins bind noncovalently to lectins and the complexes 

thus formed can be dissociated by adding the respective hapten 

sugar for which the lectin is specific. Several different types 

of N-glycosidically linked carbohydrate units are known to occur 

in brain and can be partially fractionated by affinity 

chromatography on concanavalin A-Sepharose under standardized 

conditions. Most of the N-g 1 ycosidically 1 inked carbohydrate 

units 1n nervous tissue glycoproteins are of the complex 

type(189). 
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In the complex ol igosacchar ides of brain gl ycoproteins, much 

of the fucose is linked to peripheral GlcNAc residues in an 

oligosaccharide with the structure NeuAc<a2-3)Ga~(f31-4)[Fuc(ul-

3) ]GlcNAc<f31-(166). Over half o·f the N-acetylglucosamine residues 

are 4-0-substituted, whereas approximately one-quarter are 

terminal, and a small proportion are 3,4- and 4,6-di-O-

substituted partially by fucose(l67). Galactose apparently 

accounts for one of the substituents found at C-3 of GlcNAc 

residues, since significant amounts of Gal UH-3 )GlcNAcol could be 

detected after partial acid hydrolysis and reduction pf a brain 

glycopeptide fraction(l66). 

Although most of the sialic acid in brain glycoproteins is 

in the expected nonreducing terminal position, in adult rat brain 

a small fraction has been shown to be substituted by another 

sialic acid residue(l89). Such disialosyl groups had previously 

been known to occur .in gangl iosides, and they are present in 

particularly large amounts in glycoproteins of certain microsomal 

and plasma membrane preparations from brain<83). Recent studies 

' have demonstrated that in developing brain there is a significant 

proportion o£ tri- and tetraantennary N-glycosidic glycopeptides 
,• 

that contain di- and polysialosyl carbohydrate units on their 

outer branches ( 80) • Glycopeptides containing these highly anionic 

oligosaccharides, which also have ester sulfate residues, were 

precipitated by cetylpyridinium chloride(l89). 
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The 0-glycosidically linked oligosaccharides in brain 

consist of the typical core disaccharide galactosyl ( 111-3 )N-

acetylgalactosamine, which may occur either as such or 

substituted with sialic acid residu.es at c-3 of galactose and/or 

C-6 of N-acetylgalactosamine. The tetrasaccharide accounts for 

the half of the total 0-glycosidically linked oligosaccharides in 

rat brain glycoproteins(l90). The a-anomer of the core 

disaccharide (which has been detected only in a nonsialylated 

form) appears to be present only in nervous' tissue(82). 

Majority of the brain glycoproteins are integral components 

of cell surface and internal membranes, whereas much of the 

glycosaminoglycan content of nervous tissue is either soluble or 

easily releasable from the particulate fraction ( 189). One or both 

of these classes of complex carbohydrates has been found in all 

of the cellular and subcellular fractions examined, including 

bulk-isolated neurons, axons, astrocytes, and oligodendroglia, as 

well as nuclei, mitochondria~ cytoplasm, myelin, and synaptic 

membranes, junctions, and vesicles. Membrane-botind complex 

carbohydrates are known to be transported in the fast component 

of axonal flow(70,6). 
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AIMS AND OBJECTIVES 

Cell surface glycoproteins play significant roles in central 

nervous system cell sociology, oncology and in its development. 

The morphological, physiological and pathological changes in the 

nervous system are accompanied by specific changes at the 

molecular level. Among the many factors which govern the brain 

function, cell surface glycoproteins are an important source of 

information. The physicochemical characterization of these 

surface glycoproteins is essential in understand~ng their crucial 

roles in normal brain function and pathology. 

As evident from the earlier discussions, most of the 

information about of neural cell surfac~ glycoproteins were 
\ 

obtained from. non-human sources. The information related to 

neural surface glycoproteins of developing human brain is 

lacking. It is quite likely that cell adhesion during the prosess 

of stabilization of tissue form requires further components in 

addition to the presently known nct.lronal cell surface 

glycop.t;oteins. Information on the cell surface glycoproteins from 

developing human brain would lead to a better understanding of 

its function and in the treatment of various neurological 

disorders. The present study was undertaken in an attempt to 

obtain informatiQn on the concanavalin A-binding neuronal surface 
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glycoproteins of developing human brains. Efforts to achieve this 

goal comprised of the following sections: 

(1) Isolation of neurons and the major neuronal cell surface 

Con A-binding glycoproteins of developing human brains. 

(2) Physicochemical characterization of Con A-binding 

neuronal cell surface glycoproteins. 

(3) Comparative study of the major neuronal cell surface 

glycoproteins from second trimester and full term fetuses. 

(4) Immunogenicity of the Con A-binding glycoproteins. 



CHAPTER - II 

MATERIALS AND GENERAL METHODS 



MATERIALS AND GENERAL METHODS 

Coomassie brilliant blue G, sodium dodecyl sulfate, 

galactose oxidase (from Dactyl iJJm dendroides), 

(from c.perfringens),horseradish peroxidase, 

treated) from bovine pancreas, fetuin, bovine 

neuraminidase 

trypsin (TPCK 

serum albumin, 

ovalbumin, wheat germ, DL-dithiothreitol, dithioerythritol, 5-

hydroxytryptamine hydrochloride (serotonin), fluoresceine 

isothiocyanate, N-acetyl-0-glucosamine, N-acetyl neuraminic acid 

(sialic acid), iodoacetic acid sodium salt, dansyl chloride, 

standard dansy 1 amino acid kit, iodoacetamide, chi tin, 4-NN-

dimethylaminqazobenzene 

tetramethylenediamine 

4'-isothiocyanat~ (DABITC), N,N,N' ,N'­

(TEMEO), 2-thiobarbituric acid, sodium 

cyanoborohydride,acrylamide,N,N'-methylene-bis-acrylamide, 1,4-

butanediol diglycidyl ether and Tris were purchased from Sigma 

Chemical Co., St.Louis, USA. The standard amino acid kit was 

purchased from Serva Feinbiochemica, Heidelberg, New York. Human 

IgG was purchased from Behringwerke AG, Marburg, Federal Republic 

of Germany. Coomassie brilliant blue R-2~0 was purchased from 

Pierce Chemical Co., Illinois, USA. Deoxyr,ibonuclease II from 

bovine spleen, Triton X-100, Tween 20, trifluoromethanesulfonic 

acid (TFMS), phenyl isothiocyanate, guanidine hydrochloride, 

phenylmethane sulfonyl fluoride, benzamidine hydrochloride were 

the products of Fluka, Buchs, Switzerland. Ficoll 400, Sepharose 

4B, Sepharose 6B, Sephadex G-50, Sephadex G-75 and Blue dextran 
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2000 were purchased from Pharmacia Fine Chemicals, Sweden. Bio-

gel P-4, Bio-gel P-6DG and nitrocellulose membrane were purchased 

from Bio-Rad Laboratories, California, USA. Methyl-a-D-

glucopyranoside, N-ethylmorpholine and pronase from Streptomydea 

griseus were purchased from Koch-Light Laboratories Ltd, 

Colnbrook, England. Trifluoroacetic acid and precoated silica gel 

plates were the products of E.Merck, Federal Republic of Germany. 

Polyamide sheets (5 X Scm) were purchased from Schleicher and 

Schull, Federal Republic of Germany. Goat anti rabbit gamma 

globulin was purchased from Immunodiagnostics, New Delhi, India. 

[ 3H]-sodium borohydride and [iH]-acetic anhydride were the 

products of Amersham International plc~ U.K. [ 14C]-acetic 

anhydride was purchased from Bhabha Atomic research Centre, 

Bombay, India. Other chemicals used were of analytical grade and 

obtained from local sources. The seeds of Canavalia gladiata, 

Ricinus communis, Artocarp!..lll i.ntegrifol ia, Artocarrms hirsuta, 

Arachis hypogea and Pisum sativum were obtained locally. Soybean 

agglutinin was a kind gift from Prof. Nathan Sharon, Dept. of 

Biophysics, Weizmann Institute of Science, Rehovot, Israel. 

Sodium doderu sulfate polyaca!_amide m ~le~tL<?Jt:hOfeSiB. 

The molecular weight range of the neuronal glycoproteins was 

determined by SDS-PAGE on 8% and 10% slab gels according to the 
I 

method of Laemmli(170). 



45 

Reagents: 

(1) Gel solution: Fifteen grams of ~crylamide and 0.4g of bis 

acrylamide were dissolved in distilled water and the volume made 

up to 50ml. The solution was filtered and stored at 4'C in amber. 

coloured bottle. 

(2) Buffer I: 0.614M Tris I HCl pH 8.8. For one hundred 

millilitre of the buffer, 164mg of SDS was dissolved. 

(3) Buffer II~ 0.147M Tris pH 6.8. For one hundred millilitre of 

the buffer, 108mg of SDS was dissolved. 

(4) Chamber buffer: 0.~5M Tris I 0.192M glycine pH 8.3 containing 

0.1% SDS. 

(5) Ammonium persulfate(15mg/ml). 

For the preparation of 10% separating gel# 6ml of acrylamide, 

llml of buffer I, 0.9ml of ammonium persulfate and 20vl of TEMED 

were mixed together at the time of polymerization. For the 

preparation of spacer gel, 1~1 of acrylamide, 8.5ml of buffer II, 

0. 5ml of ammonium persulfate and lO].ll of TEMED were mixed 

together at the· time of polymerization. Bovine serum albumin 

(67,000), IgG heavy chain (50,000), ovalbumin (45,000), Con A 

(27,000) anCI IgG light chain (23,500) were used as 
\ 

standard 

protefns. The small slab gel (7.3 X 8.3cm) was run at lOrnA and 

the bigger slab gel (12 X 15cm) at 40mA till the bromophenol blue 

dye had reached the bottom of the gel. The gels were stained with 

Coomassie brilliant blue R-250 and destained with methanol: 

acetic acid: water (1: 1.5: 7.5,v/v)(301). The gels were also 
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stained with silver nitrate according to the method of Wray et 

al(306). 

Gradient SDS-PAGE on 3-12% gels was performed \ by 

modifications of the method described by Hames as given 

below(116). 

Soluti._Qn_a: 

( 1) 50% aery lam ide I his-aery 1 amide sol uti on ( 3 7: 1) : 48. 6g of 

acrylamide and 1.315g of N,N'-methylene bis acrylamide were 

dissolved in 100ml of distilled water and filtered. 

(2) Separating gel buffer (3M Tris-HCl pH 8.85 containing 0.4% 

SDS): 36.3g of Tris was dissolved in distilled water and the pH 

was adjusted to 8.85 before making up the volume to lOOml. Then 

added 4QOmg of SDS. 

(3) Running buffer (50mM Tris-192mM glycine-0.1% SDS, pH 8.3): 

4.23g of Tris, 9.98g of glycine and 700mg of SDS were dissolved 

in distilled water and the volume made upto to 700ml. 

(4) Ammonium persulfate: 25mg I 250~1 of distilled water. 

Three percent acrylamide solution was prepared by mixing 1.2ml of 

50% aery lamide with 5ml separating gel buffer and 13. 8ml of 

distilled water. For the preparation of 12% acrylamide solution, 

4.8ml of 50% acrylamide was mixed with 5ml of separating gel 

buffer and 1'0. 2ml of distilled water. The preparations were 

degassed. Prior to the gradient formation, 16ml of the 3% 

buffered act~ lamide solution was mixed with 7~1 of TEMED and 45~1 

of ammonium persul fate sol utinn. Seventeen mi 11 i 1 i tres of 12% 
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buffered acrylamide solution was mixed with 7pl of TEMED and 35pl 

of ammonium persulfate solution and the gradient was formed in a 

gradient mixer. The electrophoresis was carried out with a 

current of 40mA till the bromophenol blue indicator had reached 

the bottom of slab gel. 

Preparation of_protein-conjusate~ 

(1) Peroxidase-conjugates 

Periodate oxidised horseradish peroxidase was coupled to the 

various lectins and goat anti rabbit gamma globulin by the method 

of Nakane et al(210,303). To one milligram of horseradish 

peroxidase ~in 0·. 2ml of 0. 3M sodium bicarbonate, lOpl of 1% FDNB 

in absolute ethanol was added and incubated at 25'C for 1h with 

occasional mixing at intervals. The lncubation was continued for 

another 30 min at 25'C after adding 0. 2ml of 0. 06M sodium 

periodate. The excess periodate was eliminated by the addition of 

0.2ml, 0.32M ethylene·glycol and incubation for lh at 25'C. The 

activated peroxidase and the lectins I immunoglobulin to be 
\ 

conjugated were dialysed separately against 0. 01M Na 2C01-NaHC01 pH 

9.5 for 16h at 4'C. One milligram of lectin I immunoglobulin in 

2ml of the buffer was mixed gently with the activated peroxidas~ 

and inci'ubated for 4h at 4'C · • Fifty microlitre of 1% potassium 

borohydride was added to block free aldehyde groups and incubated 

for 1h at 4'C. The peroxidase poqjugate was dialysed against 10mM 

NaHC0 1 pH 8.3 followed by 20mM Tris-HCl pH 8.0 and finally 

against 20mM Tris-HCl pH 7.5-0.1M NaCl-0.05% Tween 20. 
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(2) Fluoresceine isothiocyanate-concanavglin A 

The preparation of FITC-Con A was carried out according to 

the method described by Felt kamp et al (280). Fluoresceine 
I 

isothiocyanate(O.Smg) was added to 10mg Con A dissolved in 1ml of 

0.25M Na 1C01 -NaHC0 1 pH 9.0 and mixed gently for 16h at 4'C. The! 

free FITC was separated from the conjugate by gel filtration on 

Biogel P-4 (1.1 X 21cm) equilibrated with TBS pH 7.4 containing 

lmM CaC1 1 , lmM MgC1 1 and lmM MnC 11 • 

Protein estimation 

Protein was estimated by a modified Lowry's method in a 

total volume of 0.81ml J.n presence of SDS to eliminate the~ 

interference due to Triton X-100(185,621. 

Reagents: 

(A) 2% sodium potassium tartrate. 

(B) 1% copper sulfate. 

(C) 2% sodium carbonate solution in O.lN sodium hydroxide. 

(D) Alkaline copper reagent: One millilitre each oi reagent A and 

B were mixed together at the time of experiment and made up to 

lOOml with reagent C. 

(E) lN Folin'R reagent. 

One hundred and fifty microlitre of the sample and 0.6ml of 

alkaline copper reagent containing 3% SDS were mixed together and 

incubated at 25'C for lOmin. This was followed by the addition of 

60~1, lN Folin's reagent and incubated at 25'C for 30min. 



49 

Absorbance was measured at 660nm. Ovalbumin was used as a 

standard. 

Protein was also estimated by the Bradford's method using 

bovine serum albumin as a standard(33). 

Reagent: The coomassie brilliant blue G dye was prepared as a 

0.06% solution in 0.3M perchloric acid. One hundred and fifty 

milligrams of the dye was dissolved in 250ml of distilled water 

containing 4.49ml perchloric acid. The preparation was filtered 

through Whatman No.1 filter paper before use . 

. The protein estimation was carried out by mixing 1.5ml of the 

sample with an equal volume of the reagent and absorbance was 

.measured at 620nm. 

Carbohydrate estimation 

The total neutral sugar was estimated by phenol-sulfuric 

acid method 6f Dubois et al in a total volume of l.lml with 

mannose as standard(61). 

Reagents: 

(A) Sulfuric acid. 

(B) 5% phenol. 

One hundred microlitre of the sample was mixed with 0 •. 2ml of 5% 

phenol, followed by 0.8ml of chilled sulfuric acid. After 15min 

incubation at 25'C, absorbance was taken 485nm. 

Sialic acid estimatioq 

The sialic acid content of the neuronal glycoproteins was 

estimated by the method of Warren(296). 
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Reagents: 

(A) 0.2M sodium metaperiodate in 9M a-phosphoric acid. 

(B) 10% sodium meta arsenite 1n 0. 5M Na 1S0 4 in 0 .1N H 1 SO~" 

(C) 0.6% thiobarbituric acid in 0.5M Na 1S0 4 • 

Twenty five microlitre of the sample was mixed with an equal 

volume of reagent A and incubated at 25•c in the dark for 25min. 

Two hundred and fifty microlitre of reagent B was added to reduce 

excess periodate followed by the addition of 750vl of reagent c. 

The sample was heated at 100•c for 15min. Seven hundred and fifty 

microlitre of methyl cellosolve was added and the preparation was 

centrifuged. The absorbance of the supernatant was measured at 

549nm. 

Determination of N-terminal seguence 

The N-terminal analysis of the neuronal glycoproteins was 

performed by the both direct an indirect Edman degradation 

procedures. 

( 1) Dansyl-Edman method 

The sample was first dansylated according to the method of 

Gray(106). Two hundred microgram of the sample was boiled for 2 

min in lOOvl of 40mM LizC03 I HCl pH 9.5 containing 2% SDS. Five 

microlitre of dansyl chloride <2.5mg I O.lml acetonitrile) was 

added to give a final concentration of 5mM Dns-Cl. The contents 

were mixed well and the reaction was allowed to proceed for lh at 

37•c. After the dansylation, 20vl of lN HCl was added followed by 

' 0.4ml cold acetone. The precipitated proteins were washed twice 
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with cold acetone: 200mM HCl ( 4:1), and dried. To the dried sample 

200pl of 6N HCl was added and transferred to an ampule. The 

ampule was flushed with nitrogen, sealed and hydrolysed at 108'C 

for 18h. After the hydrolysis, the ampules were opened and the 

contents dried. 

For the identification of N-1 and N-2 amino acids, 400pg of 

the sample was boiled in lOOpl of 2% SDS for 2min. One hundred 

microlitre of dry pyridine was added followed by 5pl of 

phenylisothiocyanate. The tube was flushed with nitrogen, covered 

with parafilm and incubated for lh at 37•c. After the reaction, 

another lOpl ·of PITC was added, flushed with nitrogen and 

incubated for lh at 37'C. Three hundred microlitre of distilled 

water was added to the preparation and the mixture dried under 

vacuum. Two hundred microlitre of anhydrous trifluoroacetic acid 

was added to the dried sample and the tube flushed with nitrogen 

and sealed with parafilm. The reaction was allowed to proceed for 

lh at 37'C and the sample was air dried. The nonvolatile by-

products were r~moved by extraction with n-butyl acetate. The 
\ 

dried residue was suspended in 0.5m1 of O.OlN HCl, followed by 

the addition of lml n-butyl acetate. After thorough mixing, the 

two phases were separated by centrifugation. The aqueous phase 

was extracted twice with lml aliquots bf the organic phase. The 

aqueous phase was dried in .vacuum over ~aOH. The dried protein 

was suspended in 200pl of distilled water and divided into two 

equal aliquots. One of the aliquots was further dried and 
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subjected to the dansylation procedure to determine the N-1 amino 

acid. The second aliquot was subjected to another cycle of Edman 

degradation procedure. The dansyl amino acids were separated by 

HPLC using gradient elution on a 5~m Lichrosorb RP-18 Ultropac 

column (4 X 250mm) with a guard column of 7llm (4 X 30mm) 

according to the method of Marquez et a1(191). The HPLC gradient 

was formed from sol vent A ( 0. 6% acetic acid-0. 008% TFA) and 

solvent B (methanol) as illustrated in Table 1. Dansyl amino 

acids were monitored by their fluorescence <Ex max 333nm, Em max 

519nm). 

(2) DABITC I PITC double coupling method 

In the direct DABTIC I PITC double coup! ing method, the 

detection of released DABTH-amino acid derivatives was carried 

out on TLC(45,44). 

First coupling: To one hundred microgram of the sample suspended 

in 20~1 of 50% pyridine, 10~1 of the DABITC solution (2.82mglml), 

in pyridine was added and vortexed. The tube was flushed with 

nitrogen, sealed with parafilm and incubated for 50min at 70'C. 

Second coupling: Two microlitre of PITC was added, flushed with 

nitrogen and incubated for 15min at 70'C • 
. • 

First extraction: Two hundred microlitres of heptane: ethyl 

acetate <2:1) [saturated with 67% pyridine), vortexed thoroughly 

and centrifuged for 2min at 2000rpm. The organic ~:>_hase was 

discarded. The process was repeated five times. 
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TABLE.!. LICHROSORB RP-18 HPLC SOLVENT GRADIENT 

PROGRAM FOR SEPARATION OF DNS-AMINO ACIDS. 

Solvent A: 0.6% acetic acid and 0.008% TEA 

in water, Solvent B: methanol. 

Flow rate = 0.5 ml/min. 

;=Time (min) % Sol B Time (min>' % Sol B 

0 30 45 56 
~ 1 32 50 60 

3 34 55 64 

5 36 60 67 

10 39 70 75 

20 42 80 100 

30 45 90 100 

35 48 92 30 

40 52 
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Cleavage: The aqueous phase was a1r dried, followed by further 

drying over P10 5 and KOH in vacuum. Fifty microlitre of anhydrous 

TFA was added, vortexed, flushed with nitrogen and incubated for 

l·Omin at 55'C. 

Second extraction: The preparation was evaporated to dryness and 

suspended in 50~1 of distilled water. One hundred microlitre of 

butyl acetate 1Was added, vortexed and centrifuged to separate the 

phases. The aqueous phase was dried over P10 5 and KOH in vacuum 

and used for the next cycle. 

Conversion: The butyl acetate extracts were dried over P10 5 and 

KOH in vacuum. Fifty microlitre of 50% TFA was added, vortexed. 

The tube was flushed with nitrogen, sealed with parafilm and 

incubated for lOmin at 80'C. The preparation was evaporated to 

dryness over P10t and KOH in vacuum. After dissolving,in lOpl of 

80% ethanol the liberated DABTH-amino acid derivatives were 

subjected to TLC. 

Preparation of standard PABTH derivatives of amino acids 

The DABTH-derivatives were prepared according to the method 

-of Chang ( 43 >, 

Reagents: ( 1) 

millilitre of 

Triethylamine-acetic acid buffer. To fifty 

distilled water, 50ml of acetone was added,· 

followed by 0.5ml of triethylamine and Sml of 0.2M acetic acid. 

The pH was adjusted to 10.65 with triethylamine and or lN HCl. 

(2) DABITC solution. 1.13mg/ml in acetone. 
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One milligram of am1no acid was dissolved in 200vl of 

Lriethyl amine-acetic acid buffer and the pH was adjusted to 10 

in case of His, Asp and Glu with lN NaOH. One hundred microlitrc 

of DABITC solution was added and incubated for lh at 54'C. The 

preparation was dried over P10 1 and KOH in vacuum. The dried 

residue was dissolved in 200vl of 50% TFA and incubated for 45min 

at 55'C. The contents were further dried 'Over P10 1 and KOH in 

vacuum and dissolved in 200vl of 80% alcohol. 

DABTH derivative of diethylamine was prepared by mixing lOvl 

of double distilled diethylamine with lOOvl of distilled water. 

To sixty micro! i tre of the mixture, 60vl of DABITC solution 

(2.4mg/ml in ethanol) was added. Four hundred and forty 

microlitre of ethanol was added, mixed well and stored at -20'C. 

Identification of DABTHs b_y_ TLC on polyamide sheets 

Less than O.Svl of DABTH sample was applied to the origin 

(about 6mm from the edges of two adjacent sites) of a 2.5 X 2.5 

em polyamide sheet. Internal DABTC-diethylamine was always co­

chromatographed with unknown samples. The sheet was run two­

dimensionally by ascending solvent flow; acetic acid-water 

(1:2,v/v); toluene- n-hexane-acet.ic acid (2:1:l,v/v/v). The sheet 

was dried after each run with a drier at low heat. The sheet was 

exposed to HCl vapours, when all yellow spots turned red or blue. 

Acid-urea-poly acrylamide gel electrophoresi~ 

The acid-urea-PAGE was carried out according to the method 

of Sherton et al(255). 
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Reagents: 

(1) Gel solution: To a mixture of lg acrylamide, 28mg N,N'-

methylene bis acrylamide and 7.2g urea dissolved in distilled 

water, 116pl of TEMED and lml of glacial acetic acid were added. 

The total volume was made up to 19.0ml after adjusting the pH 4.2 

with 3N NaOH. 

(2) Chamber buffer: To glycine (2.8g) dissolved. in distilled 

water, 0.3ml of galcial acetic acid was added. After adjusting 

the pH to 4.iwith 3N NaOH, the total volume was made upto 200m!. 

(3) Sample buffer: Chamber buffer containing 8M urea, 10% 

glycerol and 5% ~-mercaptoethanol. 

For the preparation of gel, 14. 5ml of the filtered gel 

solution was mixed with 0.5ml of 6% ammonium persulfate at the 

time of polymerization. The protein sample for the 

electrophoresis was precipitated by 8 volumes of methanol, 

dissolved in the sample buffer and boiled for 2 min before 

loading. The electrophoresis was carried out till the methylene 

blue dye had moved out of the gel. 

~lkaline-urea-polyacrylamide 9el electrophoresis 

Alkaline-urea-PAGE was carried out as described by Sherton 
.. i 

et al<255). 

Reagents: (1) Gel solution. A mixture of 2.13g acrylamide, 0.079g 

of N,N'-methylene bis acrylamide, 1.39g of boric acid, 0.35g of 

EDTA, 1.62g of Tris and 0.13ml of TEMED were dissolved in 



56 

distil }(~d water and the vot'ume was made upto 10m] after adjusting 

the pH to 8.6. 

(2) Chamber buffer: A mixture of 1.92g of boric acid, 2.24g Tria 

base and 0.48g of EDTA were dissolved in distilled water and the 

volume was made upto 200ml after adjusting the pH to 8.6 with 

NaOH. 

For the preparation of gel, 18.75ml Of 8M urea, 5.75ml of 

. ' 
the gel solution and O.Sml of 1.5% ammonium persulfate were mixed 

together at the time of polymerisation. 

Electroelution of protein bands from SOS-PAGE 

The electroelution was carried out by a modification of the 

method described by Stralfors and BelfrageC266). 

Reagents:. 

(A) Solubilization buffer: 25mM Tris I 75mM glycine pH 8.8-1% 

SDS(w/v)-5mM OTT-40% glycerol(v/v). 

(B) Recovery, solution: 25mM tris-75mM glycine pH 8.8-lmM DTT-
\ 

40% glycerol(v/v). 

(C) Chamber buffer: 50mM Tris-150mM glycine pH 8.8. 

~he protein bands were cut from SOS-PAGE gels and soaked in the 

solubilization buffer with 4 changes of 30 min each. The 

preparct:tion was boiled during the last change. Two or three 

equilibrated gel slices were packed over a supporting gel (6% 

Laemmli's separating gel) cast in electrophoresis tubes (0.6 X 

9cm). Recovery solution was added to the electrophoresis tube, 

so that the gel slices were completely immersed in the solution. 
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On top of the recovery solution, 2M NaCl was carefully layered to 

fill the tube. The electrophoresis was carried out with a current 

of 4mA/tube for 90min at 25'C. The eluted protein formed a 

precipitate at the interface between the recovery solution and 2M 

NaCl. The protein precipitate along with the recovery solution 

was collected and precipitated with 8 volumes of methanol. 

~1 H]-acetic anhydride labelling 

The neuronal glycoproteins were labelled with ( 1HJ-acetic 

anhydride according to the method of Finne and Krusius(81). To 

five hundred1 micrograms of del ipidated neuronal glycoproteins 

suspended in lml of 0. 5M NaHC01 , [ 1H ]-acetic anhydride ( 5. 3 X 

lO'cpm I 300vl of acetone) was added and incubated for 30min at 

25'C. The concentration of NaHC0 1 was made to 1M by the addition 

of solid crystals followed by the addition of 25vl of cold acetic 

anhydride. After 30min incubation at 25'C, the reaction was 

arrested by the slow addition of 0.25ml glacial acetic acid. The 

preparation was dialysed extensively against distilled water. 

There was an incorporation of 1.5 X 10' cpm to the total sample. 

For measuring the radioactivity, aliquots were mixed with 10 

volumes of Bray's scintillation fluid and counted. The 

scintillation fluid consisted of 4g of PPO, 0.2g of POPOP and 60g 

of naphthalene dissolved in 20ml of ethylene glycol, 100m1 of 

methanol and 880ml of dioxane(35). 
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Carboxymethylation of neuronal glycopro~eins 

Carboxymethylation of neuronal glycoproteins was carried out 
\ 

as described by Gurd(112). One hundred microgram of protein was 

dissolved in 200pl of O.lM NaHC0,-6M guanidine hydrochloride-20mK 

a-mercaptoethanpl, flushed with nitrogen, sealed with parafilm 

and incubated for lh at 37'C. Two hundred micro litre of 200mM 

iodoacetic acid in O.lM NaHCO,(pH adjusted to 8.5 with NaOH) was 

added to the protein solution, flushed with nitrogen, sealed with 

parafilm and incubated for 2h in the dark at 37'C. After the 

incubation, 200pl of 6N HCl was added and the proteins were 

precipitated with 8 volumes of methanol. The precipitated 

proteins were washed with methanol:water (8:1v/v). 

Phosphgrous e§timation 

Phosphorous was estimated according to the method of 

Bartlett<17). 

Reagents: 

(A) Ammonium molybdate reagent: Ammonium molybdate (4.4g) was 

dissolved in 200m! of distilled water. Fourteen millilitres of 

sulfuric acid was added and the volume made upto 1 litre~ 

(B) Reducing reagent (ANSA): Thirty grams of sodium bisulfite, 6g 

of sodlum sulfite and 0.5g of 1,2,4-aminonaphthol sulfonic acid 

were ground in a mortar. The preparation was dissolved in 

distilled water and the volume made upto 250m!. The solution was 

allowed to stand for 3h in the dark and filtered. 
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(C) Standard 0.5mM KH 1 PO~: Five millilitres of lOmM KH 1PO, (1.361g 

made upto lOOOml) stock solution was diluted to lOOml. One 

hundred microlitre of this standard contained 0.05 micromoles of 

phosphate. A few drops of chloroform were added to the 

preparation and stored at 4'C. For the standardisation, phosphate 

was taken in the range of 10 to 50 nanomoles. 

Fifty microlitre of the sample was mixed with 200pl of perchloric 

acid and refluxed for 2-4h in a sand bath at 240'C until the 

solution became clear. The process was accelerated by the 

addition of 25pl of 5% ammonium molybdate(58). To the digested 

sample 0. 6 ml\ of ammonium molybdate reagent and 0. 6ml of 1:12 

diluted ANSA were added. The preparation was boiled for lOmin at 

lOO'C, cooled to room temperature and the absorbance was measured 

at 830nm. 

Colour development for peroxidase 

The substrate for HRP-conjugates was prepared just before 

use(97). To fifty millilitres of TBS pH 7.4, lOmg o-dianisidine 

in 1.5ml methanol was added followed by 15 1 of 30% H10 1 (w/v). For 

colour development, the nitrocellulose strips were incubated with 

the chromogenic substrate for 30min at 25'C. The intensity of 

colour developed was visually estimated. 

Hem a 9~ ina t ig_n_il.§.l'l..J!.,Y, 

' 
Hemagglutination assay was carried out using human or rabbit 

erythrocytes in a total volume of 0.25mlC181>. Blood collected in 

acid-citrate-dextrose anticoagulate was washed three times with 
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10 volumes of PBS pH 7.4. Five percent cell suspension was made 

in PBS pH 7.4 containing 0.1% trypsin and incubated for lh at. 

37•c. The trypsinised cells were washed three times in PBS pH 

7.4. Lectin ~tock solution in PBS pH 7.4 (lmg/ml) was serially 

diluted to a total volume of 0.2ml. Fifty microlitre of 5% cell 

suspension was added and agglutination was checked after lh. 

Preparation of lectina 

Concanavalin A was purified from Canavalia gladiata using 

Sephadex G-50 as the affinity matrix according to the method of 

Surolia et al ( 273). Wheat germ agglutinin was purified on a chitin 

column according to Bloch and Burger ( 25). The WGA was also 

prepared by affinity chromatography on GlcNAc-Sepharose 4B(293). 

Wheat germ was extracted with 10 volumes of PBS pH 7. 2. The 

preparation was subjected to 35% ammonium sulfate saturation and 

the precipitated proteins were extensively dialysed against PBS 

pH 7. 2 at 4'C. The supernatant obtained: by centrifugation at 
' 

10, OOOg X 20min was loaded on GlcNAc-Sepharose 4B. The column was 

equilibrated with PBS pH 7.2 and eluted with O.lM acetic acid at 

4•c. Ricinus communis agglutinin was purified on cross linked 

guar gum according to. the method of Appukuttan et al ( 9) • 
. • 

Jackfruit seed agglutinin was . purified ·from Artocarpus 

integrifolia according to the method of Sureshkumar et a1(272). 

Artocarpus hirsuta agglutinin was purified from the ,wild jack 

<Artoca...r.p.u.a b.irauta) seeds according to Antony et al ( 8). Cross 
\ 

linked guar gum was used as the affinity matrix for the 
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purification of JSA and AHA~ Pea lectin was prepared from Pisum 

sativum using Sephadex G-50 as the affinity matrix according to 

Van Driessche et al(291). 

Pea nut agglutinin was prepared from brachis hypogea using 

asialo fetuin-Sepharose 48 as the affinity matrix. The extraction 
\ 

of the lectin was carried out according to Lotan et al(184). One 

hundred grams of seeds soaked overnight in 250ml of 0.15M NaCl 

was homogenised and centrifuged to get a supernatant. The pel~et 

was reextracted with another 250m1 of 0.15M NaCl and centrifuged. 

The combined supernatants were filtered through cheese cloth and 

subjected to 60% ammonium sulfate precipitation. The precipitate 

was dissolved in minimum volume of distilled water and dialysed 

against distilled water and finally against 0 .15M NaCl. The 

' \ 

preparation was loaded on asialo fetuin-Sepharose 48 ( 1. 2 X 

8.5cm) equilibrated with 0.15M NaCl. The bound lectin was eluted 

with 75mM galactose in O.l5M NaCl and dialysed against TBS pH 

7.4. 

Protein A was extracted from Staphylococcus aureus (Cowan 

strain)(131). Two grams of bacteria(wet weight)i suspended in 

20ml of O.OSM Tris-HCl pH 7.5-0.15M NaCl was mixed with 0.5mg 

lysostaphin and DNase. The preparation was incubated at 37'C for 

2h. The suspension was then centrifuged at 4'C. The pellet 

obtained was washed with 15ml of distilled water and centrifuged. 

The pH of the\pooled sUpernatants was adjusted to 3.5 with 5N HCl 

and centrifuged. The-supernatant was neutralized to pH 7~0 with 

-
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6N NaOH and subjected to 80% ammonium sulfate saturation. The 

pr~cipitated protein was dialysed against PBS pH 7.4 followed by 

O.lM NaHCO, pH 8.5 at 4•c. The protein A was purified by affinity 
\ 

chromatography on immunoglobulin-Sepharose 4B column. 

freparation of affinity matric§~ 

N-acetyl-D-glucosamine-Sepharose 4B was prepared .by coupling 

the aminosugar to epoxy activated Sepharose(287,271>. Sepharosc 

4B was washed w~th distilled water followed by 0.6N NaOH. To ten 

grams of washed and suction-drained gel, lOml of 1,4-butanediol 

diglycidyl ether and lOml of 0.6N NaOH containing 20mg NaBH 4 were 

added. The mixture was rotated mechanically for lOh at 25'C. The 

epoxy-activated gel was washed with excess of distilled water and 

O.lM NaOH. Foqr hundred milligrams of ~-ac~tyl glucosamine in 

lOml of 0 .1M NaOH was added to the suction-drained gel and 

incubated for 15h at 45'C with gentle mixing. The product was 
\ 

washed exten~ively with distilled.water followed by O.OSM Tris I 

HCl pH 8.0-0.SM NaCl and O.OSM sodium formate buffer pH 4.0-0.SM 

NaCl. The gel was finally equilibrated in PBS pH 7.2. 

Asialofetuin was prepared by chemical desialylation of 

fetuin by acid hydrolysis. The asialofetuin was coupl~d to CNBr 

activa£ed Sepharose 4B according to the method of Axen et al(12). 

Twenty millilitre of thoroughly washed Sepharose 4B was suspended 

in 20ml of distilled water and 40ml of 2M sodium carbonate. The 

temperature of the slurry was maintained 'at lO'C and 0. 6g of 

cyanogen bromide dissolved in minimum volume of dimethyl 

-
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formamide was 1 added to the gel suspension with stirring. After 

Smin the activated gel was filtered through a sintered glass 

funnel and washed thoroughly with O.lM sodium bicarbonate buffer 

pH 8.5. The gel was transferred to asialofetuin solution (200mg 

asialofetuin dissolved in 20ml of 0 .1M sodium bicarbonate, pH 

8. 5) and stirred gently for 18h at 4'C. The unreacted active 

groups were blocked by treatment with ethanolamine ( lml /lOOm! 

gel). The gel was washed successively with O.lM sodium 

bicarbonate pH 8. 5.., 0 .1M NaCl, distilled water and 20mM .Tris ;· 

HCl pH 7.4. 

Concanavalin A was coupled to cyanogen bromide-activated 

Sepharose 4B according the method of Kahn and Wilchek(160). Forty 

grams of p~cked Sepharose 4B was was~ed extensively with 

distilled water in a sintered glass funnel, followed by 400ml of 

cold acetone: ~ater {3:7) and finally with 400ml of cold acetone: 

water(6:4). The washed gel washed was transferred to a beaker 

containing 40ml of acetone: water ( 6: 4), maintained at -l.O'C 

using ice and NaCl. Four hundred milligrams of CNBr (10mg/g of 

the gel) dissolved in 4ml of acetone was added. Six hundred and 

eight milligrams (0.84ml) of triethylamine (15.2mg/g gel) diluted 

in 4ml~ of acetone was added in drops with gentle stirring for 
\ 

2 min. After the activation, the gel was transferred to a 

sintered glass funnel, washed extensively ~ith distilled water 

followed by 500ml of O.lM NaHC0 1 pH 8.3. Four hundred milligrams 

of Con A (10mg/g gel) dissolved in 40ml of O.lM NaHC01 pH 8.3 was 



TABLE 2. LICROSORB RP 8 HPLC SOfNENT GRADIENT 

PROGRAMS FOR THE SEPAI{ATION OF PROTEIN 

DERIVA'fiVES. 

Sol A: water-0 .1% TFA, Sol B: isopropanol 

-0.1% TFA. Flow rate=0.5ml/min. 

GRADIENT I GRADIENT II GRADIENT III 

Time % Sol B Time % Sol B Time % Sol B 

(min) (min) (min) 

0 0 0 0 0 0 

3 0 5 30 5 30 

20 30 65 60 50 60 

\ 40 60 80 0 70 100 

60 100 85 0 80 100 

70 100 85 0 

75 0 

85 0 
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added to the activated Sepharose and gently stirred for 18h at 

4'C. The unreacted groups were blocked by the addition of 0.4ml 

of ethanolamine (lml/lOOg gel) and further incubation for 2h at 
I 

4'C. The coupled gel was washed with O.lM NaHC03 pH 8.3 followed 

by extensive washing with distilled water and finally 

equilibrated in TBS pH 7. 4 containing lmM CaC1 1 , lmM MgCl 1 and lmM 

MnC1 2 • 
j 

RP-HPLC of proteins 

Derivatized protein samples were chromatographed on reverse 

phase Lichrosorb RP 8 column of 5pm (4 X 250mm) and guard column 

of 7pm <4 X 30mm) HPLC system. Three gradients designated I, II, 
' 

III respectively, were formed between solvent A (water-0.1% TFA) 

and solvent B (isopropanol-0.1% TFA) as given in Table 2 . 

.. 



CHAPTER - III 

RESULTS AND DISCUSSION 



PART I -ISOLATION OF NEURONS FROM HUMAN FETAL BRAINS 

Morphological studies of the central nervous system revealed 

an incredibly complex meshwork of neuronal and glial somata, 

axons, dendrites, glial processes, myelin and capillaries. It is 

apparent that biochemical properties of this tissue reflect the 

sum ~f the individual properti~s of each separate cell type. Yet 

we know that neurons and glia have quite different functions and 

different biochemical properties. The isolation of neurons from 

human fetal brains would facilitate the physicochemical and 

biochemical studies of its surface glycoproteins. 

There have been several procedures developed for the bulk 

isolation of brain cells that show promise for a variety of 

investigations(209,47,270). Ideally one desires a procedure that 

can e~ficiently and benignly resolve the brain tissue into its 

component cells so that their individual properties can be 

determined. Some of the reported procedures seem to be reasonable 

app~oaches towards the isolation of pure neurons, but at present 

no one method could be described as being totally satisfactory 

for alJ purposes. 

· The problems of isolating pure neurons in bulk are mainly: 

(a) the selection of a medium which will maintain the integrity 

of the cells, Cb) the disruption of tissue through sieves (with' 

or without prior treatment) to dissociate it into single cells, 
\ 

and (c) selection of differential centrifugation procedures to 
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media used so far 

incorporate a high molecular weight material; either Ficoll, 

polyvinylpyrro.lidone or albumin. The mode of action of thes<'' 

polymers was not clear but they appear to lessen cell breakage. 

The sieving procedures were all similar and involve forcing the 

tissue through nylon or stainless steel sieves of successively 

smaller meshes. The centrifugation procedures developed varied 

considerably, involving step gradients of sucrose or sucrose and 

Ficoll or continuous gradients of zonal rotors. The g forces used 

1n these procedures have also varied over a wide range. 

The storage medium used for storing the brain tissue in the 

present study was fortified with dimethyl sulfoxide, a 

cryoprotective substance. Dimethyl sulfoxide has the advantage 

over other neutral solvents such as glycer0l 1n that it is less 

viscous and penetrates rapidly. The prevention of ice crystal 

formation and local high concentration of electrolytes or other 

compo~ents is believed to be important in the recovery of intact 

cells after freezing and thawing. The human fetal brain tissues 

stored under the above medium retained cellular structures. 

Intact neurons could be isolated from brain tissues preserved in 

the storage medium for one year. 

The isolation of neurons from human fetal brain was a 

modification of the procedures of Poduslo & Norton and Farooq & 

Norton(225,74). 
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Solution!'i: 

(1) Tissue storage medium: Medium I containing 8% dextrose,5% 

fructose and 20%(v/v) dimethyl sulfoxideC86). 

(2) Medium I: lOmMphosphate buffer pH 6 .. 0 (PBS)-O.lmM PMSF-15mM 

NaN 1 -lmM benzamidine hydrochloride. 

(3) Tissue disruption medium: Medium I containing 0.32M sucrose 

and 2-4% Ficoll 400. 

(4) Sucrose solutions for density gradients: 0.9M, 1.35M, 1.55M, 

1.65M and 2.0M sucrose solutions were prepared in medium I and 

adjusted to pH 6.0 with 2N NaOH. 

Developing human fetal spec1mens were collected from the 

Department of Obstetrics and Gynaecology, Medical College 

Hospital, Trivandrum. Utilisation of the tissues for the present 

study was permitted by Ethics Committee of the Trivandrum Medical 

College. The second trimester specimens were obtained from those 

cases after medical termination of pregnancy. The specimens were 

collected in ice and brought to the laboratory within 4-6h. Full 

term fetuses were collected from cases where the intrauterine 

death had occurred within 6h prior to parturition. The gestation 

ages were determined by measuring the crown to rump length of the 

fetuses. The brains were dissected out and stored at -20'C in the 

storage medium. 

The tissue, preserved 1n the storage medium was thawed by 

suspending in PBS at 25'C and centrifuged at 2000g X 10 min, to 

remove the solution. All further steps were carried out at 0'-4'C. 
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The tissue was suspended in the tissue disiuption medium (lg/2ml) 

and finely minced with a scalpel. The mechanical disruption was 

carried out by passing successively through lmm pasteur pipette 

followed by 80 and 200 mesh nylon sieves under mild vacuum into 

Buchner flask. The cell suspension, thus obtained was diluted 

with the sucrose-Ficoll medium to a protein concentration of 5-

lOmg/ml. The cell suspension was further dispersed with a Down's 

homogenizer to obtain a homogenous suspension. Highly viscous 

cell suspensions sometimes obtained due to extensive cell lysis 

and release of nuclear materials into the medium was mixed with 

DNasell(O.l-0.3% of DNase:protein) and incubated for 14-16h at 

4'C(201). A discontinuous sucrose density gradient was carried 

out 1n HS-4 Sorvall-RC-58 centrifuge. The density gradient 

consisted of, from top to bottom, 9ml of 0.9M, 7ml of 1.35M, 7ml 

of 1.55M, and Sml of 2.0M sucrose solutions. The cell suspension 

corresponding to a protein concentration of 50-lOOmg in lOml was 

layered over the gradient and centrifuged at 3300g X 15 min. The 

centrifugation resulted in the distribution of cell homogenate 

into 4 layers. The two molar interface comprised of almost pure 

neuronal perikarya, which was collected and required no further 

purification. The neurons were also p1esent in the 1.35M and 

1.55M layers contaminated with glia, with more number of neurons 

in the 1.55M than in the 1.35M layer. The above two layers were 

pooled togetherC28ml) and layered over 1.65M sucrose (10ml) for 
I 

centrifugation at 3300g X 45 min. Neuronal perikarya formed a 
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pellet which .was pooled with the previous 2M neuronal fracti~n. 

The neurons still entrapped in the 1.65M layer was isolated by a 

third centrifugation process. The entrapped neurons in 1. 651"t 

layer was diluted with medium I and layered over another 1.65M 

sucrose layer. The neurons formed a pellet when centrifuged at 

3300g X 45 min and the process was repeated 2-3 times till all 

the neurons could be isolated from the 1.65M layer. The neuronR 

were washed with medium I containing 0.15M NaCl and stored in ice 

in the same medium. The neurons were characterised by light and 

phase contrast microscopy. 

By a major modification of the above mentioned procedure, 

the isolation of neurons could be made easier. The f~rst step 

density gradient centrifugation was avoided. The cell suspension 

obtained by mechanical disruption was .mixed with an equal volume 

of 2M sticrose and layered over 1.65M sucrose. The preparation was 

centrifuged at 3300g . X 45 min. to obtain a neuronal pellet. 

Neurons still entrapped in the 1. 65M layer was recovered by 

subjecting it to ariother centrifugation process over 1.65M layer. 

The process was repeated 2-3 times till all the neurons could be 
\ 

recovered from the 1.65M layer. In both methods, the 1.65M layer , 
after th·e removal of neurons contained pure glia. 

Almost ·pure and morphologically intact neurons and glia 

could be isolated by the two methods as revealed by light and 

phase contrast· microscopy {Fig. 4]. Most of the neurons were 

without axons and dendrites.but could be identified on account of 
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Figure 4. Phase contrast micrograph of isolated brain cells 

( X 300 magnification). A. Neurons, B. Glia. 
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their large s1ze, large nucleus, single prominent nucleolus and 

abundant cytoplasm. Aniline dyes tolidine blue and methylene blue 

stained the ribonucleoproteins present in the nucleolus and the 

nissle granules of the cytoplasm. The glial layer contained both 

.astrocytes and oligodendroglia. 

Based on protein as determined by Bradford's method in the 

tissue homogepate, neuronal and glial preparations respective!¥, 

yields were calculated as 1-15% for neurons and 5-25% for glia. 

The yield of neurons decreased as the fetal age increased. A 

similar phenomenon was observed by Sellinger et al with rat 

cortices(145). 

The age of human fetuses were calculated from their crown to 

rump ( CR) length ( 205). The fetuses collected for the present 

study were classified into two groups based on their CR lengths. 

The crown to rump length of the first group ranged from 11-17 em 

and the corresponding age was found to be in the range of 14-20 

weeks (second trimester). For the second group of full term 

fetuses, CR length ranged from 30-33cm. 

The time consuming and cumbersome density gradient 

preparation was avoided in the second method, enabling the 

isolation of neurons faster as compared to the first one. 

Moreover the exposure of neurons to hypertonic sucrose was 

minimised in the later procedure. In both methods, no attempt was 

made to reach density equilibrium. The large size of neurons 
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enabled them to be sedimented quickly at a comparatively low 

centrifugal force. 

In agreement with Norton and Poduslo's observatio~, pH 6.0 

was found to be the optimum for human fetal brain neurons. In the 

present method, tissue disruption was carried out by mechanical 

sieving alone and the conventional trypsinization process was 

avoided because of the extensive lysis of fetal brain cells. 

Isolation of viable neurons was not a prerequisite for the 

present study. The morphologically intact neurons isolated by the 

two methods had been used satisfactorily for the present study. 

,, 



PART II - PREPARATION OF NEURONAL PLASMA MEMBRANE 

ENRICHED FRACTION AND THE ISOLATION OF CONCANAVALIN A­

BINDING CELL SURFACE GLYCOPROTEINS 

The cell surface glycoproteins play an important role in 

mammalian development. Physicochemical studies on the neuronal 

surface glycoproteins would enable in understanding the nervous 

system development at the molecular level. This would require the 

isolation of neuronal surface glycoproteins of the•developing 

brains. The present study was confined to those glycoproteins 

binding to concanavalin A only. Earlier workers have used the 

conventional methods, 1on exchange chromatography, selective 

partitioning and gel filtration for the isolation of brain 

glycoproteins(228,288). The development of a combination of 

iterative immu~isation, monoclonal antibody and affinity methods 

provided a powerful armamentarium for the isolation of neural 

glycoproteins from retina and brain of various 

species ( 32,132,99). Ninety percent of the brain glycoproteins 

were integral components of cell surface ClUY). With the 

exception of a few extrinsic proteins, the bulk of membrane 

proteins embedded in the lipid matrix are insoluble in aqueous 

medium as they are hydrophobic. Extraction of membrane lipids 

with organic solvents results in the irreversible denaturation of 

membrane proteins. Myelin proteolipid- apoprotein and basic 
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proteins however are the exceptions to this rule ( 279,73). A 

prerequisite for the isolation of membrane glycoproteins is the 

selection of a method for solubilization of these compounds. 

Different detergents have been employed for the solubilization of 

membrane compounds(l27). Once solubilized the integral membrane 

glycoproteins can be purified by conventional methods followed by 
\ 

affinity chromatography on immobilized lectins or antibodies. The 

detergent solubilized integral membrane glycoprotein~ from brain 

cells have been purified by lectin affinity chromatography in 

presence of detergents ( 318,319,248). The lectins are made of 

subunits which, in many cases are held together by noncovalent 

forces. The detergents used for the solubilization of membrane 

may dissociate the native lectin molecules and or change their 

active conformation(182,18p). In addition to denaturing the 

lectin, detergents can interfere with the lectin affinity 

chromatography by eluting the lectin from the matrix together 

with the material of interest(180,315,246). The great 

heterogeneity and complexity of brain in terms of its cell types 

and histological organization has hindered attempts to isolate 

and characterize specific intact glycoproteins, especially in 

view of ~heir large numbers and the small amounts. Approximately 

85-90% of the carbohydrate in brain glycoproteins is linked via 

'N~acet~lglucosamine to the amide nitrogen of asparagine residues 

in the protein moiety( 189). Several different types of such 

N-glycosidically linked.carbohydrate units are known to occur in 

-
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brain and can be partially purified by affinity chromatography on 

Con A-Sepharose under standardised conditions(81). The so called 

"neutral"or "high mannose" glycans are strongly bound to Con A. 

However most of the N-glycosidically linked carbohydrate units in 

nervous tissue glycoproteins are of the "complex" type(189). For 

the present study, Con A-Sepharose chromatography was employed 

for the isolation of neuronal surface glycoproteins. 

Identification of Con A binding glycoproteins on the 

neuronal surface was a prerequisite before attempting to isolate 

them. A variety of reagents have been employed for the 

identification of cell surface glycoconjugates which include 

radioactive and fluorescent compounds as well as lectin 

derivatives. The following methods were carried out to identify 

the neuronal cell surface glycoproteins. 

Tritium-labelling of intact neurons was attempted after 

periodate oxidation (93,290). Neurons(2mg protein) were washed 

twice in lOmM phosphate buffered saline pH 6.0 (PBS) and 

suspended in lml of 20mM Nal04 in the same buffer. The 

preparation was incubated in the dark for 20min at 4•c. After the 

incubation the neurons were pelleted at 15000g X 15 sec, washed 

3 times in lOmM PBS pH 8.0 and suspended in lml of the same 

buffer. Ten microlitres of NaB'H 4 (10~cpm) in lOmM NaOH was added 

and incubated at 25'C for 30 min. The neurons were then washed 3 

times with lOmM PBS pH 6.0, followed by methanol and subjected to 

delipidation {chloroform: methanol (2:1,v/v)]. The dried 

- I 
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delipidated preparation was dissolved in 2ml of 2% SDS by boiling 

for one minute. Aliquots were counted for radioactivity. There 

was no radioactivity incorporation 1n the ncun,nd] pnJteins. 

However the purified neuronal glycoproteins could be labelled 

with periodate-Na8 3H4 as described later. 

Tritium-labelling of intact neurons was attempted after 

treatment with galactose oxidase ( 92). The galactose oxidasf~ 

selectively oxidises substrates on the cell surface. Treatment 

with neuraminidase prior to galactose oxidase has been used to 

remove the terminal sialic acid and achieve maximum labelling of 

the galactose I N-acetyl galactosamine residues. Neurons (15mg 

protein) were washed twice in lOmM phosphate buffered saline pH 

6. 0 (PBS) and suspended in 3ml of 40mt>1 NaBII 4 in the same buffer. 

The preparation was incubated at 25'C for 30 min. Washed 5 times 

in PBS and divided into 3 aliquots; each sample was suspended 1n 

a final volume of lml PBS. To one set of cells, 0.6ml(60UI of 

galactose oxidase in PBS and lmg 1200mUI of neuraminidase were 

added; to another set ga 1 actose oxidase a 1 one; the third set 

remained without enzymes. The cells were incubated at 37'C for 

lh, washed 3 ' times with and suspended 1n lml of PBS. Five 

micro I i tres of NaB 1H, ( 5 X 1 0 1cpm I in 1 Oml'l NaOH was added and the 

reduction was continued for 30 min at 25'C. The preparations were 

washed 3 times ln PBS and aliquots were counted for 

radioactivity. There was no difference 1n the radioactivity 

incorporation into each of the three samples and the low 
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radioacltvily incot~porated could be due to nonspecific labelling. 

From each set of neurons a plasma membrane enriched fraction was 

prt~parr~d and subjected to Con A- Sephnt·ose chn,rn.itlH~jl.iphy (ll.q X 

7.5cm). The Con A eluates from each of the 3 samples did not have 

radioactivity. 

In another experiment the binding of FITC-Con A to intact 

neurons was investigated(280). Neurons (lrng protein) were 

suspended in 0.2ml of buffer I (20mM Tris/Maleate pH 6.0-150mM 

NaCl-4% BSA). As a control neurons correspondinq to the same 

amount of protein was suspended in 0.2ml of buffer II (buffer I 

containing 2M,a-MG). To both test and control U.6ml of FITC-Con 

A (10mg/ml 1n TBS pH 7.4-lm~l ~1gC1 1 -lmM CaC1 1-lm~1 ~lnCl 1 ) was added 

and incubated for 30 n11n at 4'C. The neurons wen~ then pelleted 

at 5000g X 5 nnn and washed twice with 20mN Tris/Maleate pll 6.0-

15 OmH NaC 1 ( TMS) containing 1 '~ BSA f o 11 owed l>y two more washes 1n 

TMS alone. The BSA had a protective function on the stability of 

neurons. The preparations when observed under a f 1 uorescence 

microscope, revealed the presence of intensely fluorescent 

neurons whereas the neurons 1n the control did not exhibit 

fluorescence [Fig.5]. 

The preparation of neuronal plasma membrane fraction would 

facilitate the isolation of its surface ~Jlycoprote:ins. 1'1any 

workers have developed methods for the preparation of plasma 

membrane from neurons(284,305,41). Some of the methods involved 

or latex bead treatment pr1or to harvesting, 



Figure 5. Fluoresdence 

? treated with FITC-Con A 

micrograph of neurons 

X 300 magnification). 

Details of the experiment are described in the 

text. 
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homo~1r>n i za t ion, centrifugation and density gradient 

centrifugation. The preparation of plasma membrane from human 

fetal. neurons was attempted by the following methodC72). 

A ten percent (v/v) suspension of neurons was made in 15 ml 

of the hypotonic .medium (10mM Tris/HCl pH 7.4-0.1% NaN3-lmM PMSF-

5mM a-mercaptoethanol> and homogenized in Potter Elvehjm 

homogenizer. 'I' he homogenate was .centrifuged a L 1 OOOg X 10 min to 

get a pellet. The supernatant was further centtifuged at 1500g X 

10 min to get a second pellet. The two pellets were together 

suspended in the hypotonic medium. Deoxyribonuclease II was added 

to 3%(w/w) of the total protein concentration. The crude plasma 

1nembrane suspension was layered over a 25-45% continuous sucrose 

density gradient and centrifuged at 90,000g X 100 min in SW.25-1 

Spinco Beckman ultracentrifuge. After the centrifugation a plasma 

membrane band was visible on top of the gradient corresponding to 

an equilibrium sucrose density of 1.09. Truding et al has 

reported an equilibrium sucrose density of 1.14 for the plasma 

membranes isolated from cultured neuroblastoma cells(284). The 

plasma membrane isolated from the bovine system had an 

equilibrium density of 1.127. The yield of plasma membrane 
' I 

fraction isolated from human fetal neurons was in the range of 

0.1-0.2% based on protein estimations. However the purity of the 

preparation could not be evaluated due to the absence of marker 

enzymes. While the activities of 5'nucleotidase(l0), glutamine 

synthetase(198) and carbonic anhydraseC91) were found to be nil, 
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no recordable activity could be detected for acetyl 

cholinesterase(l74). In the bovine system the various stages of 

plaarna membrane isolation could be monitoeed by following the~ 

enrichment of 5'nucleotidase. 

Attempting to prepare pure plasma membrane fractions in the 

absence of detectable markers could result in impure preparations 

and also lower pernentages of yield. In order to minimise the 

possible loss of the plasma membrane glycoproteins of interest, 

the concept of pure plasma membrane preparation by the 

conventional density gradients was abandoned. Instead a plasma 

membrane enriched fraction was prepared as given below. 

Preparation of plasma membrane enriched frakt.i.Qn 

The plasma membrane fraction was prepared by lysing the 

cells with an aqueous solution of lOmM EDTA, 0.2% 

~-mercaptoethanol in Potter Elvehjm homogenizer. The neurons were 

homogenized by 10 strokes in the homogenizer followed by gentle 

stirring at 4'C for lh before subjecting to 10 more strokes. The 

8000g X 10 min pellet was washed 4 times with distilled water to 

obtain a plasma.membrane enriched fraction. 

AffinitY .. c.hr:omato.graliliy__on __ .Con__A::S_epha.ros.e. 4B 
; 

The isolation of neuronal cell surf~ce 1Jlyco~:noteins 

required the extraction of neuronal proteins in a suitable form 

compatible with lectin affinity chromatography. Initial attempts 

for the standardisation of the isolation procedure was carried 

out with intact neurons or delipidated cells. For the 
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solubilization of neuronal proteins only two detergents, Triton 

X-100 and SDS were employed. Each detergent presents some 

advantages over the other. The positive and r1egative aspects of 

these detergents should be considered relative to three 

parameters: nature of solubilization process, biological activity 

of the solubilized molecules and possibility of purification of 

individual solubilized molecules. 

More than HO%. of the total neuronal proteins could be 

solubilized with SDS whe~eas with Triton X-100 the solubility was 

comparatively low .and required mild sonication. Higher 

solubilization of the neuronal proteins with Triton X-100 could 

be achieved at very low protein concentrations and high detergent 

I protein ratio. In addition only SDS was effective tn 

solubilizing delipidated neuronal proteins. The term 

'solubilization' does not have the same mean1ng when used for 

membranes directly solubilized in Triton X-100 or SDS, when 

compared to the solubilization of delipidated membrane protein 
' 

residues in SDS. However when compared to SDS, Triton X-100 has 

very low inhibitory effect on the binding efficiency of Con A. 

Lotan and c·ownrkers have rF>ported 2% fnt· Tr·iton X-lOO and 0.2% 

for sos'as the highest concentrations which do not affect Con A 

mediated haemagglutination(182). The effects of detergents on 

soluble lectins may not possibly be directly extrapolated to tht~ 

lectins immobilized on insoluble matrices. Covalent attachment to 
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the polym0ric matrix stabilizes lectin molecules and decreases 

their susceptibility to the detergent inact~vation(315) • 

.c&n.. A-S eJ?-lliu.:9_ae c h r oro at o g r a};lh y i n_p res e fLc.e..__QL_llU.S 

The extraction of neuronal proteins was carried out in 

presence of SDS according to the method of Gombos ( 103). The 

neurons were delipidated by two cycles of extraction with 

methanol-chloroform, (l:l,vlv) and <1:2,vlv). The lipid free 

pellet was left overnight in saturated EDTA ~ontaining 10%(vlv) 

~-mercaptoethanol. Divalent cations were eliminated by the EDTA 

which helped in the release of proteins from aggregates formed by 

interactions between cations and proteins. After centrifugation 

at lOO,OOOg X 60 min, the pellet obtained was dissolved at roo~ 

Lemperature in a minimum possible volume Clml I Smg proteins) of 

20mM Tris I HCl pH 7.0 - 4% SDS - 2mM ~-mercaptoethanol - 0.1 % 

NaN 1 0 .lmM· PMSF. The high SDS concentration was used for 

obtaining solubilization in a small volume. The pH of the 

solution was b~ought to 8.0 with 2 N NaOH and a 10 fold excess of 

iodoacetamide was added. Alkylation was allowed to take place in 

the dark for· 12h, at 25'C, under nitrogen. The solution was 

dialysed for 48h against 49 volumt~s of 20mM Tris/HCl pll 7.0. Tlw 

solutio;was centrifuged at lOO,OOOg X 60 min. The dialysis steps 

eliminated excess iodoacetamide, and were calculated to decrease 

the SDS concentration to 0.08% while maintaining the protein in 

solution. The percentage of extradtion for the neuronal proteins 

was 75-80% a~ estimated by Lowry's method.' The protein solution 
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·contained 3-4~5% bound car~ohydrate as measured by phenol 

sulfuric acid method. Sodium dodecyl sulfate polyacryla~ide gel 

electrophoresis in 10% gels of th~ solubiliz~d proteins, revealed 
\ 

protein bands with molecular weight ranging from 12kDa to lOOkDa 

{Fig.6). 

The Con A-Sepharose chromatography was carried out in 

presence of SDS according to the method of Zanetta et al(315). 

Freshl¥ coupled Con A-Sepharose contains large amounts of free 

unbound Con A which must be eliminated before the chromatography. 

This was achieved by repeated washes at alkaline and acid pH. Cqn 

A-,sepharose filtered in a sintered glass funnel was washed with 

the following solutions. 

(a) lOOmM NaHC01 pH 8.3. 

(b) lOOmM sodium acetate-acetic acid pH 4.0, 500mM NaCl. 

(c) 20mM Tris-HCl pf;l 7.4 <TBS),containing 0.08% sos. 

Between the successive solutions the 
! 

i1 

\ 

gel was washed with 

·distilled water. After the.removal of noncovalently associated 

Con A, the Con A~Sepharose was regenerated by washing with TBS 

containing lmM CaClp lmM MgCl, and lmM MnClzo The gel was wasbed 

with TBS, resuspended and stored at 4'C in the same buffer. The 
~ . 

SDS solubilized neuronal proteins were chromatographed on Con A-

Sepharose 4B column at 25'C, equi 1 ibrated in buffer A ( 20mM 

Tris/HCl pH7.0-100mM NaCl-0.04% SDS-0.2mM PMSF-15mM NaNl). The 

neuronal proteins ( 6mg) were loaded on the Co'n A-Sepharose column 

(0.9 X 6.0 em) after.the addition of NaCl to a concentration of 
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Figure 6. SDS-PAGE of total delipidated neuronal and 

glial proteins on 7. 5% acrylamide gel st:ained with 

Coomassie blue. 1. Neuronal proteins, 2. Glial 

proteins. 
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100mM. The column was washed with 10 bed volumes of buffer A and 

eluted with 500mM a-MG in buffer A. The a-MG eluate on SDS-PAGE 

showed rna jor bands corresponding to Con A i I Ht~ 1 f. The Con A 

leaching phenomenon was further illustrated by the fact that 

protein content of the break through, washings and eluate put 

together was more than that of the loading protein. The Con A 

leaching was found to be more during the elution step when 

compared to the loading and washing processes as evident from the 

intensity of Con A bands on SDS-PAGE. In fact towards the end of 

washing, there was no Con A leaching as indicated by the absence 

of protein, checked by absorbance at 280 nm. 

To minimise the leaching of Con A, affinity chromatography 

was carried out in presence of buffer B (buffer A containing 0.1% 

Triton X-100 instead of SDS) at 25'C. The SDS solubilized protein 

was dialysed against 0.1% Triton X-100 before loading. The Con A-

Sepharose was washed with buffer B and eluted with SOOmM a-MG in 

buffer B. The eluate was concentrated by ultrafiltration on 

Amicon YM10 membrane. The a-MG was removed either by gel 

filtration on Biogel P6DG Qr by dialysis against 0.08 % SDS and 
\ 

further concentrated by rotary evaporation. The Con A eluate on 

SDS-PAGE revealed Con A as the major component. 

Con A leaching has been reported during the Con A-Sepharose 

chromatography of brain membranes solubilized in SDS(315). The 

size and capacity of the chromatography columns are critical in 

minimising this Con A leaching. Lotan and coworkers have observed 
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exposure to 0.05% SDS for lh at room temperatureC182). They have 

reported a higher release of Con A subunits after 16h incubation 

in 0.05% SDS. Analogous experiments carried out with 0.1% SDS for 

lh, released twice as much Con A subunits as did the 16h 

incubation with 0.05% SDS. Prolonged incubation (16h) in 0.1% SDS 

released more lectin subunits and caused a dramatic.reduction in 

its binding efficiency. The SDS released noncovalently bound Con 

A subunits rather than coupled or uncoupled lectin subunits. 

Lectin leach~ng has also been reportedduriqg the purification,o£ 

glycoproteins from rat muscle cells, in presence of .. SDS(246). 

According to Zanetta and Gombos, a certain amount of degradation 

products are formed during the chromatography which also 

contributes to the·Con A leaching(315). In the present method 

this was minimised by reducing the column size. It is obvious 

that prewashing the,Con A Sepharose at alkaline and acid pH was 

not sufficient in removing the noncovalently bound .lectin 

subunits. 

Extraction with Triton X-100. 

Intact neurons .!were suspended in 20mM Tris/HCl pH 8.0-1% 

Triton X-100-lmM ~MSF-4mM B-mercaptoethanol at a protein . 
f 

concentr~tion 5mg/ml~ The suspension was subjected to sonication 

in MSE Soniprep 150 at 20 microns amplitude for 4 X 1 min. The 

15,600g X 5 min supernatant contained 75-80% of the total cell 

protein. Delipidated neurons required too drastic conditions of 
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sonication to enable the extraction of proteins. The Triton . 

extracted neuronal proteins were subjected to Con A-Sepharose 

chromatography(1.2 X a .. Ocm) after adjusting the pll to 7.4 with 

dilute acetic acid. The column was equilibrated and washed with . 

20mM Tris/HCl pH 7.4-0.2% Triton X-100. The 500mM ~-MG eluate.on 

SDS-PAGE revealed Con A as the major component. 

Extraction without detergents. 

To overcome the problem of Con A leaching, lectin affinity 
4 , • 

chromatography was carr1ed out in the absence of detergent.s. 

Chloroform:methanol(2:1) delipidated neuronal proteins were 

suspended in 20mM Tris/HCl pH 8.0 at a protein concentration of 

1mg/ml. The suspension was subjected to sonication at 15 microns 

amplitude for 2min... .The carbohydrate percentage 'in the 

delipidated neuronal proteins was found to be in the range of 

6~1. The turbid horqpgenate. was passed through Con A-Sepharose ( 1. 2 
~~·>:,.' : ' ' ,~; .'c 

X 8. Ocm) at 4•c aftxer adjusting the pH to 7. 4 with dilute acetic 
' ~-. 

acid. The column was washed with 20mM TrisfHCl pH 7.4-lSOmM NaCl 
:! .• 

(TBS pH 7.4) and eluted with'500mM Cl-MG in the same buffer. The 
. . . ·~.': 

Con A breakthroug~ ~as c~romatographed on RCA-Sepharose(1.2 X 
~ :-,:·~ 

8.0cm) equilibrated with TBS pH 7.4. The RCA binding proteins 

were ·eluted with 200mM lactose in TBS pH 7. 4 at 25'C. 

Haemagglutination assay with trypsinized rabbit and human RBC, of 

respective lectin bound ft:"actions were positive for RCA-Sepharos<~ 

and Con A-Sepharose eluates (181). This correlated with the majoi 

RCA and Con A bands on SDS-PAGE of the respective eluates. The 
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haemagglutination titre of the Con A eluate was much lower than 

that of Con A. This could be due to the inhibition of Con A by 

the Con A binding glycoproteins or due to the dissociation of th~ 

lectin into its subunits during the process of leaching. This 

further illualt·ated the fact that Con A l«'iH'llin9 was due to the 

dissociation of its noncovalently bound subunits. The Con A­

Sepharose chromatography revealed a poor yield of Con A-binding 

glycoproteins, which could be due to the drastic sonication step 

where about 25% of the covalently bound carbohydrates in the 

neuronal proteins were lost. This was evident from the following 

experiment. Delipidated neuronal proteins were suspended in and 

dialysed against 20mM Tris/HCl pH 8.0. The protein suspension was 

subjected to sonication at 15 microns amplitude for 5 X 30sec. A 

fraction of the sonicate was kept aside for carbohydr·ate and 

protein estimations and the remaining sample was dialysed against 

20mM Tris/HCl ·pH 7. 0 overnight. The protein and carbohydrate 

estimations were carried out before and after dialysis. Tho 

results are given in Table 3. 

There was a 50% decrease ~n the carbohydrate content of the 

Con A-Sepharose breakthrough and washings compared to that of the 

initial protein solution. Reducing the time or intensity of 

sonication resulted in non-homogenous prot:ein solutions which 

caused column blocking. 

The effect of ionic strength on the ext,raction of neuronal 

proteins was investigated. Delipidated neuronal proteins were 



TABLE 3. EFFECT OF SONICATION ON THE CARBOHYDRATE CONTENT OF 

NEUROAL PROTEINS. 

Protein (mg/ml) 

Carbohydrate (pg/ml) 

Before dialysis 

1.0 

85 

After dialysis 

1.0 

63 
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extracted by sonication with Tris/HCl pH 8.0 at 20mM and lOOmM 

concentrations of the buffer. The preparations were sonicated at 

15 microns amplitude for 5 X 30sec and centrifuged at 15000g X 5 

min to obtain soluble supernatants. To asses the percentage of 

extraction, the protein content of the supernatants were 

estimated by Lowry's method. With the lOOmM buffer, only 50% of 

. the total proteins could be recovered in the supernatant as 

compared to the 90% recovery of proteins with the 20mM buffer. In 

general the solubility of hydrophobic proteins decreased with an 

increase in the ionic strength of the solubilization buffer. The 

above observations illustrated the hydrophobic nature of neuronal 

proteins. 

The problem of extracting neuronal proteins in a suitable 

form compatible with lectin chromatography without drastic 

sonication has been circumvented with a western blot buffer used 

for hydrophobic proteins(260). A neuronal plasma membrane 

enriched fraction was homogenized in the modified western blot 

buffer 25mM Tris-700mM glycine pH 7.8-lmM PMSF-NaN1 at a 

concentration of 0.2-0j5mg/ml. The homogenate was subjected to 

sonication at 1-2 microns amplitude for 4 X 15sec. The 

preparation was centrifuged at 150g X 5 min to remove large 

particles. The pH was adjusted to 7.4 with dilute acetic acid and 

20ml of the supernatant was mixed with an equal volume of Con A­

Sepharose 4B. After incubating for 2h at~ 4•c with occasional 

stirring, it was packed into a column(1.9 X 9.0cm) and washed at 
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25'C with one bed volume of 25mM Tris-700mM glycine pH 7.4 

followed by iOmM Tris/HCl pH 7. 4-150mM NaCl ( TBS pH 7. 4). The 

bound glycoproteins were eluted at 25'C with 500mM a-MG in TBS pH 

7.4. The unbound fraction was repeatedly rechromatographed on 

washed and reequilibrated Con A-Sepharose, till the eluate 

contained no protein •. The pooled Con A-binding fractions were 
'"'" 

concentrated by ultrafiltration and passed through Biogel P6DG to 

remove a-MG. The preparation was further concentrated by flash 
\ 

e~aporation and dissolved. in 2% SDS. The Con A eluate contained 

180±60pg bound carbohydrate I mg protein. The SDS-PAGE of the 

preparation revealed the presence of Con A subunit as its major 

component, in addition to the faint high molecular weight bands 

when stained with Coomassie blue. These high molecular weight 

bands stained for ca~J:>ohydrate. with Thymol-HzS04 ( 94) • They. were .. 
'',, ' '- --~:~;:_~~·- ~-::~t·>; ·' . . ;"·{~:/\:~;~/-- };:-,>:.· ,• 

also labelled by ·Fl .... con .A(9Q) .• The .presence of Con as t~t.e;'. 
.. . '·:'~+') ~~t.~:\i:; " · . ' ~{,i: 'Y: 

urt;her' confirmed by N-terminal anal:ysis ()f ; . 
. ;_·:~·., ___ ~;t~:: :?~,~~(~·. . ., : .. ,:, :~(:- .. 

the Con A eluate. Sillce the Con A leaching was observed even in 
:·,::g.: ,, l 
.·--·~. 

the absence of detergents, the phenomenon cbuld be due to an 

inherent property of the neuronal proteins. The above mentioned 

neuronal pro1tein extract was subjecteq to WGA-Sepharose 

chromato.graphy (0.9 X 7.5cm) equilibrated with TBS pH 7.4. The 

WGA-binding prbteins were eluted with lOOmM N-acetylglucosamine 

in TBS pH 7.4 at 25'C. The WGA eluate on SDS-PAGE revealed the 

presence of glycoprotein bands, which correlated with the Con A 
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binding high molecular weight bands. There was no protein band 

corresponding to WGA. 

Pretreatment of Con A-Sepharose 4B with 8M urea 

The problem of Con A leaching was overcome by pretreating 

the Con A-Sepharose 4B with 8M urea. 

lls::a<Jta&l.!oi--..L.u.:. u.n.:"' J.,!.J.:tlJ:~llu . .:JLl: 

(1) O.lM sodium acetate/acetic acid pH 4.0-lM NaCl-8M urea. 

(2) 8M urea,lM NaCl. 

(3) O.lM Tris/HCl pH 8.5-lM NaCl-8M urea. 

About 70ml of Con A-Sepharose was mixed with an equal volume of 

reagent 1 and stirred gently at 25"C for 30min. Filtered through 

a sintered glass funnel and the process was repeated 4 times. The 

gel thus 9btained was washed with 5 bed volumes of reagent 2. Con 

A-Sepharose was further suspended in an equal volume of reagent 

3 and stirred gently at 25'C for 30min. Filtered through sintered 

glass funnel and the process was repeated 4 times. After the urea 

treatment, the Con A-Sepharose was washed extensively with 

distilled water, equi 1 ibrated 1n TBS pH 7. 4-lmM CaC1 1-lmM MgC1 1-

lmM MnC1 1 and stored at 4'C in the same buffer. 

There was a significant decrease in Con A leaching when the 

chromatography was carried out using the urea treated Con A­

Sepharose as revealed by the decreased intensity of Con A bands 

on SDS-PAGE. However the Con A leaching could not be totally 

eliminated. The urea treatment resulted in the improved yield of 

neuronal glycoproteins. 
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The yield of Con A-binding glycoproteins was almost doubled 

when the extraction of neurona 1 proteins was carried out in 

presence of the western blot buffer containing 1% Triton X-100. 

However the carbohydrate content of the Con A eluate remained in 

the same range of 180+60vg/mg protf.•in. The presence of Triton 

X-100 has enhanced Con A leaching as revealed by a faint Con A 

band on SDS-PAGE. When the chromatography was attempted in 

presence of 20% ethylene glycol instead of Triton X-100 the Con 

A leaching fu'rther decreased. However the chromatographic process 

was time consuming because of the very slow flow rate due to the 

presence of ethylene glycol. 

The yield of neuronal Con A binding glycoproteins was compared 

under various sets of chromatographic conditions. Neuronal plasma 

membrane enriched preparation corresponding to a protein 

concentration of 14mg was extracted with the Triton-western blot 

buffer and divided into 4 equal aliquots. After adjusting the pH 

to 7.4 with dilute acetic acid, each aliquot was mixed with the 

urea treated Con A-Sepharose(35ml) and incubated at 4'C for 2h 

with occasional mixing. The samples were packed into columns(2.6 

X 7.5cm). They were washed and eluted as shown in Table 4. 

The Con A eluates were diluted with distilled water and 

concentrated by ultrafiltration. The proteins were precipitated 

with 80% methanol, after adding SDS to a concentration of 10%. 

The precipitated proteins were suspended in O.Sml of 2% SDS and 



'l'AIH,g 4. YIEI .. O OF CONA-IHNDING GI.YCOPHO'l'EINS UNDEH VAlUOlJS 

CHROMA'l'OGHAPIHC CONDITIONS. 

Sample No. 1 2 3 

Protein (pg). 150 210 100 

4 

80 

Sample 1: Washed with 10 bed volumes of TBS pH 7.4-0.1% Triton 

X-100 at 25'C and eluted with 2 bed volumes of 500mM n-MG in 

the same buffer at 25•c. 

1iaJ11El..e__2: Washed with 10 bed volumes of TBS pH 7.4-0.1% Triton 

X-100 at 4'C and eluted with 2 bed volumes of 500mM n-MG in the 

same buffer at 4•c • 

..Sa~ 3: Washed with 10 bed volumes of TBS pH 7.4-0.05% Triton 

X-100 at 4'C and eluted with 2 bed volumes of 500 mM n-MG 1n 

the same buffer at 4'C. 

Sample 4: Washed with 10 bed volumes of TBS pH 7.4 at 4•c and 

eluted with 2 bed volumes of 500 mM n-MG in the same buffer at 

4'C. 
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the protein estimations were carried out according to the 

rno<.lified Lowry''s metho<.l. 

It is evident from the above observations that the yield of 

neuronal glycoproteins was maximum when the Con A chromatography 

was performed in presence of 0.1% Triton X~lOO containing buffer 

at 4'C. The Con.A leaching was more when theMashing and elution 

were carried out at 25'C ins.tead of 4'C as evident from the 

increased intensity of Con A bands on SDS-PAGE [Fig.7J. The yield 

of neuronal glycoproteins was more at 4'C as compared to the 

chromatography at 25'C. This could be due to the extensive 

leaching of Con A at 25'C resulting in the loss of Con A bound 

glycoproteins. In successive chromatographies of the Con A 

breakthrough, the Con A leaching was found to be 
. . 1ncreas1ng as 

\ 

revealed by 'the intensity of Con A bands on SDS-PAGE. Thl""~ 

procedure used in the present study for the isolation of neuronal 

surface glycoproteins is described below. 

lsolation of Con A binding surface glycoproteins 

The plasma membrane enriched preparation was suspended in 

25mM Tris-700mM glycine pH 7.8-lOmM ~-mercaptoethanol-1mM PMSF-

NaN 3 at a prote~n concentration of 0.2-0.Smg/ml. The suspension 

was homo'genised by 10 strokes in the Potter El vehjm homogenizer 

followed by a mild sonication of 1~2 microns a~plitude for 4 X 

15sec. After the addition of Triton X-100 (l%v/v), the homogenate 

was stirred at 4'C for lh and centrifuged at 150g X Smin. After 

adjusting the pH to 7.4 with dilute acetic acid, 60ml of thn 
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Figure 7. SDS-PAGE of Con A eluate obtained at 

different temperatures on 10% acrylamide gel stained 

with Coornassie blue. 1. Con A eluate obtained at 25'C, 

2~ Con A eluate obtained at 4'C, 3. Con A. 
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supernatant was mixed with 40ml of urea treated Con A-Sepharose 

4B. Incubated at 4'C for 4h with occasional mixing and packed 

into a column (2.6 X 7.5cm). The column was washed with 10 bed 

volumes of TBS pH 7. 4-0.1% Triton X-100 at 4'C and the bound 

glycoproteins were eluted with 2 bed volumes of 500mM n-MG in the 

same buffer at\4'C. The Con A-Sepharose column was washed with 1M 

NaCl between successive chromatographies. The Con A eluates from 

different chromatographies were pooled-together, concentrated 10 

times by ultrafiltration in Amicon YM-10 membrane. Tho 

concentrated sa~ple was diluted 10 times with TBS pH 7.4 and 

concentrated again by ultrafiltr~tion~ The process was repeated 

3 times to ensure the removal of excess Triton X-100. The Con A 

eluate was further concentrated to lml by lyophilization or by 

flash evaporation and precipitated with 8 volumes of methanol. 

The neuronal glycoproteins eluted from Con A-Sepharose 

column were contaminated with noncovalently associated 

glycolipids. The amounts of contaminant Con A and glycolipids in 

the Con A eluate was more when the washing and elution were. 

carried out at 25'C instead of 4'C. The yield of neuronal Con A 

binding glycoproteins was in the range of 1-4%. 

The.· nonionic detergents are considered to be the most 

suitable for lectin affinity chromatography, because their 

effects on lectins are negligible. Triton X-100 has been found 

to bind hydrophobic membrane glycoproteins and to increase their 

tendency to aggregate (182). Based on the hydrophobic nature of 
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protein(s) chromatographed, the inhibitory effect of Triton X-100 

on lectin binding can vary. Kahane et al have reported a 30-40% 

inhibit:ion of glycophorin binding to \-\GA-Sepharnse at 0. 06% 

Triton X-100 ( 182). The glycophorin is an amphiphilic glycoprotein 

containing a hydrophobic segment which can bind large amounts of 

detergents. This emphasises the fact that during the lectin 

chromatography, detergents interact~d with lectin subunits which 

was governed to some extent by the hydrophobic nature of the 

protein(s) chromatographed. The higher local concentration of 

detergents can denature and I dissociate the lectin subunits 

during chromatography. The above mentioned observations can be 

extended to explain the increased Con A leaching phenomenon 

obset·ved during the Con A chromatography of neut·onal plasma 

membrane proteins. The neuronal plasma membrane proteins being 

hydrophobic were not sufficiently soluble in ordinary aqueous 

buf£ers and required Triton X-100 for solubilization. The 

enhanced interaction of Triton X-100 with Con A subunits during 

the chromatography due to the presence of hydrophobic neuronal 

glycoproteihs might have resulted in the Con A leaching. 

Removal of contaminant Con A and glycolipids from the Con A 

hlruiing glyco[?roteins 

Any possible contamination of Con A and glycolipids as and 

when occurted was eliminated by an elect~ophoretic method which 

was a modification of the electrophoretic elution of proteins 

from polyacrylamide gell266). Electrophoretic tubes(0.5 X 9.0cm) 
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were filled with 12% laemmli's separating gel up to 3/4 of its 

length(170). About lOOvl of the neuronal Con A eluate boiled in 

2% SDS WdH loaded. In order to judqe the movement of the 

contaminant Con A, a control tube was loaded with lOOvl of 2% SDS 

tn~ated Con A-FITC lFig.8A). A current of 4-SmA/t.uhe \vdH applied 

in the forward direction so that the proteins would migrate from 

the top of the gel to its bottom. The movement of Con- FITC was 

monitored from its fluorescence by making . the room dark and 

focusing ultraviolet light on the gel. The electrophoresis was 

carried out till the major Con A-FITC band had moved out of the 

gel. After the electrophoresis the chamber buffers as well as the 

buffer inside the electrophoretic tubes were discarded. For the 

second electrophoresis lOOvl of recovery solution [25mM Tris/75mM 

glycine pH 8.8-lmM dithioerythritol-40%(v/vl glycerol] was first 

loaded. On top of the recovery solution, 2M NaCl was carefully 

layered to fill the tube [Fig.8BJ. The current was reversed, so 

that the proteins would migrate ~n the opposite direction. A 
\ 

current of 4-5mA I tube was applied for double the duration of 

time taken by Con A-FITC to migrate in the downward direction. 

T 1. , • c, .. , 1\ r , · , . , . ", . u , ·, , 11" 1 'J 1 y v , ~ 1 ~ 1 ·, , t , · , ,, H r , , 1 nH • < 1 . 1 1 • 1· , ·, • • l' i t .. t c , • t t h, • 

interface between the recovery solution and 2M ~acl. The protein 

ppt. along with the recovery solution was collected and 

precipitated by 80% methanol. The glycoproteins obtained by this 

method was free of Con A and glycolipids. As an alternative the 

Con A free neuronal glycoproteins could be extracted by 



Con A eluate--- ---Con l\-FI1'C 

(+) (+) 

Test Control 

A • First elect.rophoresis 

------2M NaCl-------
----protein ppt 

(-) (-) 

Before After 

B • Second electrophoresis 

Figure 8. Electrophoretic removal of contaminant 

Con A from Con A eluate. 
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h<:>~noge~izi-!'ig -the -g-el 'after ' the -_-:fir_st- • electrophoresis-. with 

laemmli's chamber buffer containing 2% SDS. 

In addition to the above mentioned electrophor'etic method 

contaminant glycolipids could be removed by subjecting the 

neuronal Con A eluate to delipidation with water:methanol: 

chloroform(3:8:41 (274). The contaminant Con A was heat 

inactivated for the purpose of diff~rential lectin binding 

studies.· 



'. 
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PART III - CHARACTERIZATION- OF NEURONAL 

CONCANAVALIN A-BINDING SURFACE GLYCOPROTEINS 

The role of surface glycoproteins in cell sociology, 

oncology and bra~n development is well documented. The brain 

tissue exhibits diversity in the types of cells with neurons and 

glia forming its najor components. The physicochemical studies on 

the neuronal surface glycoproteins would improve our knowledge 

about nervous system function. Advances ln the areas of 

biochemistry and immunology have made possible new approaches 

that have led to a better understanding of the molecular and 

functional properties of membrane glycoproteins of the nervous 

system. The protein behaviour ls hard to predict and varies 

considerably due to the large differences in size, net charge, 

amlno acid composition, solubility and native secondary and 

tertiary structure. Generally applicable isolation and 

characterisation schemes cannot be implemented for every protein. 

This makes protein chemistry rather difficult, and much 

experlence and technology are necessary to manipulate small 

amounts of protein optimally. On the other hand this makes 

dealing with peptldes and proteins more challenging compared to 

other compounds. The hydrophobicity of membrane proteins and its 

insolubility in aqueous solutions lead to considerable 

difficulties in their characterization studies. The majority of 
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procedures available for charadterization of· a given protein 

require the protein to be present in pure form and in suitable 

amounts. Such conditions were difficult to fulfil for many 

proteins of the nervous system(27). To asses the purity, identity 

and quantity of the minute amounts of samples has been one of the 

most challenging tasks in protein chemistry. The simplest and 

most commonly used technique 1s SDS-gel electrophoresis with 

sensitive staining methods. 

Determination of Molecular Weight: 

Determination of molecular weight by SOS-PAGE gave values 

within 10% of the actual molecular weight, but anomalous results 

were often obtained with glycoproteins. Use of two or more sets 

of conditions, such as different concentrations of acrylamide 

might indicate the occurrence of anomalies. It was best to regard 

molecular weights derived from SDS-PAGE as apparent until 

confirmed by other evidences. 

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis of 

the neuronal Con A eluate in 3-12% linear gradient gels indicated 

3 major groups of diffuse bands of apparent molecular weights 65-

72 KDa; 52-63 KDa; and 43-48 KDa respectively in addition to the 

faint 27 KDa band of Con A when it was present [Fig.9A,9B]. On 

eight percent and ten percent SDS-PAGE the neuronal glycoproteins 

revealed 6-8 bands in the molecular weight range of 43-72 KDa, 

which differ from each other by 2-4 KDa [Fig.lO]. In general the 

solubility of neuronal glycoproteins in 2% SDS was low and a 
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Figure 9A. Gradient SDS-PAGE of neuronal glyco­

proteins on 3-12% linear acrylamide gel stained 

with silver. 
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Figure 9B. Molecular weight range determination .. 
of neuronal glycoproteins by SDS-PAGE on 3-12% 

linear acrylamide gel. IgG-1 for IgG heavy chain 

and IgG-2 for IgG light chain. 
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·~soluble preparation of lmg/ml was difficult to obtaan·. Only . 

partially solubilized protein suspensions in 2% SDS could be used 

for SOS-PAGE which resulted in the accumulation of proteins as 

aggregates at the point of application. The accumulated proteins 

were removed from the gel by electroelution. They were further 

subjected to electrophoresis under similar experimental 

conditions. This resulted in the formation of all the 3 groups of 

bands of the~ original sample. A fraction of the pro~tein still 

remained at the origin. Successive reelectrophoresis of the; 

accumulated protein aggregates, at one stage resulted in its 

complete removal from the top of gels. In gradient SDS-PAGE gels 

there was extensive streaking of proteins throughout the gel. 

Drying the proteins at any stage during its preparation enhanced 

the process of aggregation resulting in a higher percentage of 

their retention at the origin. The above mentioned observations 

on SDS-PAGE indicated the hydrophobic nature of neuronal 

glycoproteins. The addition of 8M urea to the SDS solubilized 

neuronal glycoproteins did not improve their solubility as 

revealed by the same amount of protein aggregates remaining at 

the point of application in SDS-PAGE gels. Hydrophobic proteins 

when heated in presence of Laernmli's sample buffer exhibited an 

enhanced agg_regation(128). The process of aggregation was 

directly proportional to the temperature and the period of 

exposure to the heat. However in case of the neuronal 

glycoproteins, boiling for 10 min in presence of 2% SDS did not 



A B 

--- 2 

4 

5 

Figure ld. SDS-PAGE of neuronal glycoprotcins on 8% 

acryLunid(~ ~F·l stained with Coomassir~ bhH~. Lane A­

Neuronal glycoproteins, Lane B - Standards: 1. USA 

(67,000); 2. IgG heavy chain (50,000); 3. Ovalbumin 

(45,000); 4. Con A (27,000); 5. IgG light chain 

(2:~,500). 
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~-nhance -the aggregation process. The Con A.:.binding gl~copJo-t,ein$. 

from both second trimester and full term fetal brain rieurons 

exhibited similar multiple band pattern on SDS-PAGE. 

Anomalous behaviour on SDS-PAGE 

For the convenience of study the 6-8 protein bands on 8% and 

10% SDS-PAGE were grouped into 3 major groups corresponding to 

that of gradient PAGE. Each of the 3 groups of bands obtained on 

-
3-12% gradient-SDS-PAGE were cut, electroeluted and rel~aded on 

8% SDS-PAGE. Each group of gradient-PAGE band gave rise to the 

same profile of all the 3 groups of bands on 8% SDS-PAGE 

[Fig .111. In another experiment each of the 3 gradient-PAGE 

protein bands were subjected to a second gradient-PAGE under 

similar experimental conditions. Each of the 3 gradient-PAGE 

bands upon reelectrophoresis gave rise to all the 3 groups of 

bands of the original sample. The results were the same when each 

of the 3 groups of 8 0' .-:o SDS-PAGE bands were subjected to 

electrophores.L;o on another 8% SDS-PAGE under similar experimental 

conditions. 

The abnormal behaviour of neuronal glycoproteins on SDS-PAGE 

could be explained by an anomalous SDS binding to neuronal 
.• 

glycoproteins. The anomalous SDS binding may be attributed to the 

hydrophobicity of neuronal glycoproteins and I or contributed by 

their carbohydrate moieties. Hydrophobic membrane proteins have 

higher affinity for detergents. The erythrocyte membrane 

- glycoprotein glycophorin binds SDS at ratios as high as 5-7mg/mg 
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Figure 11. He-electrophoresis of neuronal glycoprotein 

bands from gradient-PAGE on 8% SDS-PAGE. The protein 

·' bands were visualised by staining with Coomassie blue. 

A. Gradient~-PAGE upper band. 13. Gradient-PAGE middle 

band. C. Gradient-PAGE lower band. D. Standards. 

·I 
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forind with non-membrane proteins and glycoproteins(~£~.)~ On the 
! 

-contrary the carbohydrate moieties in glycoproteins r~duce SDS 

binding resulting in their higher apparent molecular weights on 

SDS-PAG£(172,243). The chances of hydrophobicity or the presence 

of carbohydrate residues by themselves individually contributing 

to the· abnormal SDS-PAGE pattern of neuronal glycoproteins may be 

considered as remote and the phenomenon could be an additive 

effect of both factors. 

The solubilization of membrane proteins by SDS is du~ to the 

fotmation~f mixed micellae of SDS with the hydrophobic proteins. 

Complete solubilization results in the formation-of homogenous 

micellae. Partial solubility can result 1.n the formation of 

heteiogenous micellae. The heterogeneity can be due to a fixed 

protein concentration·with varying amounts of SDS or with a fixed 

amount of SDS and varying amounts of protein in the micellae or 

by a combination of both processes. The anomalous SDS..,..PAGE 

behaviour of neuronal glycoproteins could be explained by a 

partial solubility of these proteins in SDS, resulting in the 

formation of 'heterogenous micellae. The formation of mixed 

micellae 7With a fixed number of neuronal glycoproteins with 

varying amounts of SDS could account for the subtle differences 

in the charge of these molecules resulting in their differential 

migration on SDS-PAGE. The major bands on 8% SDS-PAGE differ from 

.... -·.~ E7ach '?.~.h,~r by 2-4 _KDa. _Formation of mixed micellae having a fixed 
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' arrioun:t of SDS with varying· amounts of neuronal glycoptfoteins 

could answer the SDS-PAGE anomalous behaviour. only by the 

presence of a 2-4 KDa polypeptide in the neuronal Con A eluate as 

its major component. This probability should be considered as 

remote because majority of the integral membrane glycoproteins 

are of high molecular weight. The formation of heterogenous mixed 

micellae could be a dynamic equilibrium process, with micellae of 

one particular-composition giving rise to others depending on 

their relative concentration. Under the conditions of SDS-PAGE, 

the dynamic equilibrium must be favouring the formation of 

micellae only in the molecular weight range of 43-72 KDa. During 

reelectrophoresis, micellae of one particular composition could 

be regenerating others represented by the various protein bands 

on SDS-PAGE. This explained the phenomenon of one protein band 
', 

giving rise to other bands when the reelectrophoresis was carried 

out. 

The term · microheterogeneity was used to describe the 

structural differences l.n the carbohydrate chains of 

glycoproteins. In addition to the molecular weight differences, 

the finer variations in hydrophobicity imparted by 

microheterogeneity on the neuronal glycoproteins could further 

magnify their ar:omalous binding by SDS. The multiple band pattern 

of neuronal glycoproteins on SDS-PAGE could be attributed to an 

additive effect of anomalous SDS binding, protein aggregation, 
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heterogP.nous ~mixed prot~in-SD_S micellae formation and 

microheterogeneity. 

Effect of chemical deglycosylation on ~PAGE 

The study of deglycosylated glycoproteins has yielded 

insight into the structure and function of glycoproteins. 

Specific applicat1ons have included the removal of glycoprotein 

microheterogenei ty for molecular weight determination of the 

peptide portion(283) and the preparation of substrates for 

protein sequence determination(100). Deglycosylation of 

glycoproteins 

biosynthetically 

has been achieved enzymatically(87), 

us1ng inhibitors of glycosylation(264) and 

chemically(l4). Chemical deglycosylation by TFMS treatment has 

been employed to determine the molecular weight contributed by 

carbohydrate part of glycoproteins(99). The TFMS treatment 

destroys the carbohydrate residues retaining the intact 

polypeptide chain. The present deglycosylation studies were 

carried out to investigate the probable contribution of 

glycoprotein microheterogeneity to the anomalous SOS-PAGE 

pattern. Oesialylation has been reported to decrease the 

molecular weight of glycoproteins on SDS-PAGE(235,239>. Increase 

in apparent molecular mass on SDS-PAGE following desialylation 1s 

characteristic of glycoproteins bearing a high level of 

sialylated a-linked oligosaccharides such as leukosialin(39). 
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Trif 1 uoroniethanesu 1 fon ic acid ( T-FMS_j___t_re.flt!l1_ent: 

The TFMS treatment was carried out accord1ng to the metho~ 

of Sojar and Bahl<265). The neuronal glycoproteins were alkylatei 

with iodoacetic acid 1n presence of 4% SOS. The alky1ated 

proteins were subjected to 10n pa1r extraction 

acetone:triethy1 amine:acetic acid:water[85:5:5:5l to remove the 

SOS(l6ll. Two aliquots of the alky1ated glycoproteins(lOOugl ~ere 

dried under vacuum overnight ~t 25'C. Thirty microlitre of ~?MS 

was added to one of the samples, flushed with nitrogen, sealei 

with parafilm and incubated at O'C for 120mln. The second sanple 

was kept aside as control without the addition of TrM~. 

Subsequently, the reaction mixtures were cooled to -20'C ani 

neutralized by the gradual addition of 150ul of 60% pyridine ln 

water also prev1ously cooled to -20'C. The neutralized sarple3 

were dia1ysed against distilled water and precip1tated w1~h ~ 

volumes of methanol. 

Gradient SDS-PAGE (3-12%) revealed an 1ncrease 1n t~e 

apparent molecular weights for the TFMS treated sample [Fig.~2-. 

In the control sample there were two bands of 55 KOa and 43 KCa 

1n addition to the 27 KOa band of Con A subunit. The usual 65-7: 

KOa band was missing from the control. The TFMS treated sample c~ 

gradient PAGE indicated the presence of two bands with apparer.r: 

molecular weights of 66 KDa and 55 KDa. The contaminant C~n ~ 

band was absent in the deglycosylated preparation. The 1ncrea2e 

1n apparent molecular weights could be due to an enhanced 
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Figure 12. SDS-PAGE of TFMS treated neuronal glyco­

proteins on 3-12~ linear gradient acrylamide gel 

stained with silver. A. Test; B. Control. 
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;::;:~~ggr~~ation·prc#:'~-ss. 'rhe 'descruction of olig'o~Cic;~haride-chains by 

TFMS treatment might have imparted more hydrophobicity on the 

protein which could have caused the enhanced aggregation. Th~ 

absence of Con A subunit band in the deglycosylated preparation 

could be due to the fac~ that Con A also might have joined in th~ 

-aggregation process on account of the hydrophobic patches present 

on the Con A molecule. In general TFMS causes a decrease in the 

molecular weight of glycoproteins as.well as a reduction in their 

apparent heterogeneity, resulting in sharpening of the stained 

zones on SDS-PAGEC68). The probable decrease in the moleculai 

weight of neuronal glycoproteins might be masked by an apparent 

increase due to their aggregation~. 

Chemical desialylation with O.lN H1S0 1 and nitrous acid 

deamination caused an enhanced aggregation of neuronal 

glycoproteins resulting in a higher percentage of their 

accumulation on top of gels ( 124,78). However· these chemica 1 

modifications did not change the multiple band pattern of 

neuronal glycoproteins on SDS-PAGE. 

Acid-Urea-Polyacrylamide Gel Electrophoresis 

The neuronal glycoproteins on acid-urea-PAGE in 5% gels 

-· 
indicated 4 major bands [Fig.13]. Both second trimester and full 

term neuronal glycoproteins revealed the same electrophoretic 

profile. The solubility of neuronal glycoproteins in 8M urea was 

·lower resulting in the accumulation of protein aggregates at the 

~~~:'~-1t;~~~~;·~mple ·wells. The neuronal glycoproteins did not migrate in 



Figure 13. Urea-PAGE of neuronal glycoproteins at pH 

4.2 on 5% acrylamide gel stained with coomassie blue. 
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-alkalirte- u~ea- PAGE at pH 8.6 in 5% gels which ~ou~~ be due to -

the absence or a lower percentage of acidic amino acids. 

The urea-PAGE bands 2, 3 and 4 were cut from 50% methanol 

fixed and coomassie blue stained gels. The gel slices were soaked 

in the solubilization buffer (urea-PAGE chamber buffer pH 4.2 

containing BM urea, 40% glycerol and 5mM DTT) for 3h. The 

solubilization buffer was changed every hour, with boiling the 

sample after the second and third changes. For the second urea­

PAGE, the gel slices were inserted inside the sample wells and a 

current of 15 rnA was applied. The electrophoresis was carried out 

till the marker dye came out and was continued for 15min more. 

The gel was fixed in 50% methanol washed several times and 

finally boiled in distilled water before staining by silver. All 

the three bands moved to the same distance and their migration 

was only till band 1 of the native total Con A eluate [Fig.l4l 

The. unusual migration of neuronal glycoproteins 1.n the 

second urea-PAGE cannot be explained. However the possibility of 

the glycoproteins to form self micellae even in the presence of 

urea and the extent of solubilization achieved for the fixed 

proteins inside the gel slices should be taken into account while 

attempting to explain the unusual Urea-PAGE reelectrophoretic 

behaviour·~ 

Carbohydrate con~ 

The carbohydrate content of neuronal Con A-eluate varied 

depending ~on the temperature at which the chromatography was 
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Figure 14. Diagramatic representation of the re­

electrophoresis of neuronal glycoprotein bands from 

acid-urea-PAGE on second acid-urea-PAGE. A. Band 2; B. 

Band 3; C. Band 4; D. Neuronal glycoproteins. 
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·~-arr_ied: ~out._ -The• electroeluted SDS-PAGE protein bandstas --we1,1 a~ 
·.- .. 

the' neuronal glycoproteins eluted at 4'C, contained. 180~60}1g 

carbohydratelmg protein. The carbohydrate content increased to 

360.±.120}1glmg protein when the washing and elution of Con· A-

Sepharose column was performed at 25'C instead of 4'C. The 

difference in carbohydrate content was due to the presence of 

glycol ipids in the Con A eluate obtained at 25'C. The higher 

carbohydrate content in the 25'C eluted glycoproteins was inspite 
/ 

of the presence of contaminant Con A which was absent in the cold 

Con A eluate as well as in the electroeluted protein bands. The 

carbohydrate content of neuronal glycoproteins from both the 

second trimester and full term brains were in the same range. 

Sialic acid content 

The sialic acid content of the cold eluted glycoproteins 

were in the range of 35.±.5 nmoles I mg protein. For the sample 

eluted at 25'C, sialic acid content was found to be 20.±.5 nmoles 

J mg protein. The higher sialic acid content I mg protein in cold 

eluted sample was due to the absence of contaminant Con A as 

compared to its presence.in the room temperature eluted sample. 

The neuronal glycoproteins from both the second trimester and 

full term· fetal brains had the same sialic acid content. 

Presence of noncovailmtly a..s.H.QCJ..a.t_ed_g.l_~Q_l_i_p__id.a 

The neuronal Con A eluate was subjected to delipidation 

according to the method of Svennerholm and Fredman( 274). The 

present method of Svennerholm has.the advantage that even the 
'":._:o-~~·~;-;,.;~~~;;,~~'{'f;,~~.,_~-F<. · ~-···· ;.7~·~,-~~~. 
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highly glycosyhited glycolipids (polyglycosy_l ceramides) become 

solubilized and most glycoproteins remain insoluble ( 79). The 

lipid extract was flash evaporated and dissolved in a minimum 

volume of chloroform:methanol(2:1) and subjected to TLC on 

precoated silica plates (2.5 X 10 em). Twenty microlitre of the 

sample was applied on the plate and developed with the solvent 

system, n-propanol: water [7:3](169). 

The following observations revealed the presence of 

noncovalently associated glycolipids in the neuronal Con A eluate 

obtained at 25'C. 

(a) Higher percentage of carbohydrate 1n the 25'C eluted 

glycoproteins as compared to the 4'C eluted preparation. 

(b) Higher percentage of carbohydrate 1n the 25'C eluted 

glycoproteins as compared to the electroeluted SDS-PAGE protein 

bands. 

(c) Decrease 1n carbohydrate content of the 25'C eluted proteins 

after delipidation and not in the 4'C eluted preparation. 

(d) Decrease in sialic acid content after delipidation only 1n 

the 25'C eluted proteins but not in 4'C eluted sample. 

(e) The lipid extract was positive for carbohydrate. 

(f) The lipid extract on TLC rendered positive staining for 

general lipids, glycolipids and gangliosides(259). The above 

mentioned observations are summarised in Table 5. 

The area stained by iodine vapour on the TLC plate was 

larger when compared to the other two methods, indicating the 



TABLE 5. EFFECT OF TEMPERATURE ON THE THE COMPOSITION OF CON A 

ELUATE. 

ELUTION TEMPERATURE 

CARBOHYDRATE(pg/mg protein) 

CARBOHYDRATE AFTER DELIPIDATION 
(pg/mg protein) 

SIALIC ACID (nmoles/mg protein) 

SIALIC ACID AFTER DELIPIDATION 
(nmoles/mg protein} 

CON A BAND ON SDS-PAGE 

TLC OF 'l'IIE LIPID EXTRACT 

(a) IODINE VAPOUR 

(b) ORCINOL-H 2S0 4 

(c) RESORCINOL-HCL 

41C 25 1C 

180.±60 360.±120 

180_:t60 180.±60 

35_±5 20±5 

35.±5 HU:5 

+ ++++ 

+ ++++ 

+ ++++ 

+ ++++ 

(+) for weak and (++++) for very strong intensity of 

staining. 

I 
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- pres_encie- of lip_ids- _ot}j'er than· _glycol-i:pid~. -The ~area_- stained by 

-
resorcinol-Bel was much smaller than that of orcinol-H1S04 

revealing that the majority of glycolipids were non-sialylated 

with a very minor ganglioside component. The carbohydrate content 

of the 25'C Con A eluate decreased by 50% following delipidation 

as compared to the 10% decrease in sialic acid which confirmed 

the lower percentage of gangliosides. The lower percentage of 

gangliosides was further reflected by an apparent increase in the 

sialic acid content of 4'C eluted sample. The lower Con A 

contamination in the 4'C eluted preparation would explain its 

apparent higher sialic acid co~tent. The position of resorcinol-

HCl region near the solvent front indicated the possible presence 

of gangl iosides belonging to the GMs-GM 4 class. The absence or a 

lower percentage of non-covalently associated glycolipids in the 

4'C eluted neuronal glycoproteins was further confirmed on TLC. 

The lipid extract from both the second trimester and full 

term neuronal glycoproteins revealed similar profiles on TLC. The 

increase in . glycolipid content at 25'C, correlated with the 

enhanced leaching of Con A observed at the same t~mperature. The 

a-anomeric glucose residues in glycolipids cannot interact with 

Con A. The glycolipids must have appeared in the Con A eluate in 

micellar association with Con A and the Con A binding 

glyc-oproteins. 

Plasma membranes of animal cells are particularly rich in 

glycolipids as compared ·with illtracellular membranes and has been 
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>ils~d~a~'-the pla8m~--memb~ane--nrarker(302,1S7 ,158). The association - - - - -.. - - - - ----: ~ - - . --

of glycolipids is an additional evidence for the fact that 

neuronal glycoproteins are from the cell surface. 

Covalently linked lipidsL • 

In recent years much attension has been focused on the post 

translational modification by long chain fatty acids to 

eukaryotic proteins. Three modes of fatty acid linkage to 

eukaryotic proteins have been de~cribed. These are: (a) 

attachment of fatty acid (primarily palmitic acid) in a thioester 

or ester bond to cysteine, serine or threonine residues ( 217), (b) 

'cotranslational myristoylation of proteins on aminoterm1nal 

glycine residues via an amide linkage(250), (c) carboxytermtnal 

addition of a phosphatidyl inositol (GPI) -containing glycan moiety 

'·to proteins(77). While some acylproteins clearly require their 

acyl chains for stable association w~th cellular membranes(l51), 

others normally behave as soluble proteins(207). Several 

palmitoylated proteins are surface-oriented glycoproteins while 

all of the myristoylated proteins appear to be internal. Nervous 

system proteins with GPI-anchors include acetyl cholinesterase, 

Thy-1 and N-CAMw• The release of radioactive fatty acid from 

metabolically labelled acylproteins with the n"';lcleophilic 

hydroxylamine or by mild alkali has been used to identify ester 

linkages of acyl chains(247). These treatments did not cleave 

fatty acid amide bonds. Acid hydrolysis of acyl proteins released 
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presence of covalently linked lipids and its possible 

contribution to the anomalous SDS-PAGE pattern were investigated. 

Nitrous acid deamination. 

The cleavage of the GPI-anchor was carried out by the method 

of Ferguson et al(78). The neuronal glycoproteins precipitated 

with 8 volumes of methanol was subjected to delipidation by 

successive extractions with chloroform-methanol<l:2,v/v), 

(l:l,v/v), (2:l,v/v) and suspended in lml of distilled water. 

Three aliquots of the delipidated proteins ( lOOpg) were dried 

under vacuum. To two of the aliquots(A and B), 450pl, freshly 

prepared 200mM NaNO, in 250mM sodium acetate/acetic acid buffer 

pH 3.5. and to the third sample(C) 450\.1.1 distilled water were 

'· 
added. The preparations were incubated at 25'C for 5h, followed 

by the addition of 45pl of lN HCl, 1.2ml chloroform and 0.6ml 

methanol. The mixture was vortexed and the phases were separated 

by centrifugation. After the removal oflower organic phases, the 

upper aqueous phases were reextracted with preequilibrated lower 

phase. As reagent controls 450pl each of· distilled water and 

NaN0 2 reagent were subjected to the same procedure. The lower 

phases wer~ dried in a boiling water bath. The sample A lower 

phase was kept aside for phosphorous es~imation. The dried lower 

phase from sample B was subjected to hydroxylamine treatment. The 

lower phase obtained after the treatment was washed twice with 

·. ··· , 2ml .of toluene and dried under .vacuum. Phosphorous estimations 

~ -------. --·----·-'--·-·------,....,~---~--~---··-·---,·--" ~~------~--~ ----.. -~--~---·-----·~~---~~-- ···~- -~-" ····-~~------·-----. . . 
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t we~e- :carried -out -_as_- de_scribed -in- -material~-- and _methods. No _ 

recordable inorganic phosphorous could be detected in the sample 

A lower phase and in the lower phase obtained from sample B after 

hydrci~ylamine treatment indicating the possible absence of GPI-

anchor in neuronal glycoproteins. 

Methanolic potassium hydroxide treatment 

Hydrolysis of the ester linked fatty acids by methanolic KOH 

was carried out by the method of Reindeau et al(236). Delfpidated 

neuronal glycoproteins(100pg) were suspended in lml of 0.3M KOH 

in methanol and incubated for 30min at 56'C. It was acidified 

with glacial acetic acid and vortexed with lml of toluene. The 

phases were separated by centrifugation and the upper toluene 

phase was collected. As a blank lml of methanolic KOH reagent was 

subjected to phase separation and the upper phases were dried 

under vacuum for TLC analysis. 

Hydxoxylamine treatment 

- The neuronal glycoproteins were subjected to the 

,hydroxylamine treatment according to the method of Reindeau et 

al<23Q). Delipidated neuronal glycoproteins<lOOpg) were suspended 

in lml of 1M hydroxyl ammonium chloride, adjusted to pH 7.0 and 
. 

incubated- at 25'C for 2h. Two millilitre of toluene was added and 

mixed thoroughly. The phases were separated by centrifugatJon. As 

a blank lml of hydroxylamine reagent ~~s also subjected to phase 

separation with toluene. The upper phases were collected and 

dried under vacuum for TLC analys1s. 
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The dried organ.1c phases qbtained _ aft_e_r -the )net_hanol ic. KOH 

~nd hydroxylamine treatment were dis~6lved in 100lJl of 

chloroform: methanol ( 2:1) and subjected to TLC on precoated 

silica gel G plates (5X25cm). The plates were prerun with 

chloroform: methanol(2:1) and activated overnight at lOO•c. 

Twenty microlitre of the above samples were spotted on the plate. 

The plates were developed in the s6lvent system toluene: 

~ethanol: acetic acid [&0:20:11 till the solvent front reached 

lcm below the top of the plate. After the run the plates were 

dried in ai:r. The plates were exposed to iodine vapour; 

subsequently sprayed with saturated potassium dichromate in 

70%(v/v) aqueous H1S0 4 and heated at lOO•c for lh. Both methanolic: 

KOH and hydroxylamine treatments did not re~eal the presence of 

fatty acids. After the deacylation treatm~nts the proteins were 

dried under vacuum, dissolved in 2% SDS and subjected to 8% SDS­

PAGE. The rnul tiple band pattern of. neuronal glycoproteins on SDS­

-l?AGE remained unchanged after the deacy lation treatments [Fig .15 J. 

N~terminal analysis 

The arrangement of integral membrane glycoproteins in the 

plasma membrape is determined by the topological distribution of 

their hyarophobic and hydrophilic domains. The structural· 

9rganization of these molec;ules can therefore be inferred f·rom an 

analysis of the position .of their hyidrophobic amino acid residues 

once the primary structure is determined. The elucidation of the 

amino acid sequence of cell surface glycoproteins proved to -be a 
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Figure 15. SDS-PAGE of neuronal glycoproteins after 

chemical deacylation treatments on 8% acrylamide gel 

stained with Coomassie blue. 1. Nitrous acid deamin­

ation; 2. Hydroxylamine treatment; 3. Methanolic KOH 

treatment. 
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formidable: task -~wing. to' their _ very -~low abundance · and their 

complexity. Information about the secondary or tertiary structure 

of proteins could only be gained if the amino acid sequence is 

available. N-terminal analysis helps in assessing the purity, 

identity and quantity of minute amounts of protein samples. It 

can also be applied to compare the homology of structurally 

related proteins, to analyze the detailed pathway of limited 

proteolysis or to locate selectively modified Lys/Arg residues. 

The classical approach uses cleavage of the protein with trypsin 

to produce small peptides which could be sequenced. The order of 

the tryptic peptides was then found using overlapping peptides 

isolated from other digests of the protein. 

N-terminal analysis of the neuronal glycoproteins was 

performed by both direct and indirect Edman degradation 

procedures. In the indirect Dansyl Edman procedure a portion of 

the sample after each cycle was dansylated and subjected to acid 

hydrolYsis. -The acid stable dansyl amino acid derivatives were 

detected on HPLC. In the direct DABITC I PITC double coupling 

method the detection of released DABTH-amino acid derivatives was 

carried out on TLC. N-terminal analysis of the electroeluted 

individual: SDS-PAGE protein bands by the above two methods 

revealed a blocked N-terminal for the~ neuronal glycoproteins 

[Fig .161. The probability of N-termina!' blocking during the 

process of SDS-PAGE was investigated. The Con A eluate was first 

dansylated in presence of 2% SDS. The contaminant Con A was 
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Figure 16. N-terminal analysis of neuronal glycopro­

tiens by Dansyl-Edman method. The experimental details 

'are described in the text. Sample I. Total neuronal Con 

A eluate, Sample II. Electroeluted SDS-PAGE bands, 

Sample III. Neuronal glycoproteins after the 

electrophoretic removal of contaminant Con A. 
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e~i~cinatE!d from-Eh~ dansylate-d prepciration-by -the electrophO-retic:~ 

m~thod described earlier using FITC-Con A as a marker. The 

electroeluted proteins were precipitated with 8 volumes of 

methanol and subjected to acid hydrolysis. High performance 

liquid chromatography of the hydrolysate revealed the presence of 

e-group of lysine, confirming the blocked N-terminal of neuronal 

glycoproteins [Fig.16]. 

A number of cell surface receptors, especially those 

involved in signal transduction through interaction with guanine 

nucleotide binding proteins are blocked at the ~mino terminal and 

are not amenable to N-terminal analysis in the intact form of the 

receptor ( 231). Fragmentation of the ·protein by chemical or 

enzymatic methods and separation of the peptide fragments by 

reversed phase HPLC is the strategy that has generally proved 

useful in analyzing the structures of membrane proteins bloc~ed 

at the amino terminal. 

Gel filtration on Sepharoae 6B' 

The gel filtration of neuronal glycoproteins was carried out 

on Sepharose 6B (100 X 1.4 em) equilibrated with 25mM Tris-700mM 

glycine pH 7. 8 containing 15mM NaN,. The chromatography was 

carried 6ut at 25'C at a flow rate of 6ml /h. The neuronal 

glycoproteins, labelled with ('H) -acetic anhydride were~ 

extensively dialysed against distilled water and dissolved in the 

equi 1 ibration buffer at a concentration of 0. 25 mg/ml. 

Centrifuged at 15~000g ~ 3 min to obtain a supernatant. One ml of 
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the supernatant< 4Xl0 5cpm~) ·-was lo-aded on the -column~· Two 

millilitre fractions were collected and O.lml aliquots from each 

fraction was counted. The neuronal glycoproteins resolved into· 

two peaks [Fig.l7]. The first peak (peak 1) appeared at the void 

volume, and the second peak (peak II) appeared at the end of 

total bed volume. The fractions were pooled together and the 

peaks dialysed against distilled water. Aliquots were counted to 

estimate the recovery~ of total radioactivity. The peak I 

contained 10,000 cpm and the peak II contained 30,000 cpm. The 

gel filtration process was repeated with another batch of 

neuronal glycoproteins. The gelfiltered peaks from the two 

preparations were pooled together and concentrated to lml by 

lyophilization. The buffer composition of the preparation was 

made to 25mM Tris ! 700mM glycine pH 7.8 by the addition of solid 

Tris and glycine. The concentrated peaks were further subjected 

to gel filtration on Sepharose 6B under similar conditions. Each 

of the gel filtration peaks on rechromatography elut~d a~ the 

same volumes as that of earlier chromatography, 1ndicating that 

the gelfiltration peaks were not interconvert1ble [Fig.l7]. 

Aliquots were counted to asses the recovery of the total 

radioactivity after second gelfiltration. This time peak I 

contained 5000 cprn and the peak II contained 16000 cpm. The gel 

filtered peaks were further dialysed against distilled water, 

concentrated by lyophilization and subjected to dot-enzyme­

linked-lectin assay. Both gel filtration peaks were positive for 
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Figure 17. 1. Gel filtration of [ 3H]-labelled neuronal 

glycoproteins on Sepharose 6B (100 X 1.4cm). S-Second 

trimester neruonal glycoproteins, F-Full term neuronal 

glycoproteins. 2. Re-gel filtration of Peak I. 3. Re­

gel filtration of Peak II. 
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-i~t~~acti~n ~it~·cori A~ ~~CA ~nd WGA. Both gel £iltered peaKs -
on 

8% SDS-PAGE revealed the same multiple band pattern as that of 

the original sample[Fig.l8l. The similar multiple band pa~tern 

for both gel filtered peaks could be due to the anomalous SDS 

binding to neuronal glycoproteins discussed earlier. On acid-

urea-PAGE both gel filtered peaks gave a single fast moving b~nd 

of equal mobility [Fig.l9J. Mobility of this urea-PAGE band was 

higher than that of th~ native glycoprotein bands. To asses th& 

possibility of glycoproteins forming insoluble aggregates. the 

gelfiltered peaks were centrifuged at lOO,OOOg X 60 min. After 

the centrifugation, 100% of the total radioactivity coul :i be 

recovered in the supernatants. The fact that even peakl pro~eins 

remained in the soluble supernatant illustrated the absence of 

protein aggregation. The Sepharose 68 chromatography of trit:.ated 

neuronal glycoproteins from full term fetal brains also resulted 

in two peaks, with similar retention times as mentioned earlier 

[Fig .17 J • 

The gel filtered peak II was further subjected to gel 

filtration on Sephadex G-75 to obtain its molecular weight. The 

protein sample (8500cpm) was extensively dialysed aga1nst 

distilled'water and concentrated to 0.3 ml by lyophil~zation. The 

buffer composition of the preparation was made to 25mM Tris;iOOmM 

glycine pH 7.8 by the addition of solid Tris and glycine. The 

preparatiOn was loaded on the gel filtration column C63XO.Scm) 

equilibrated with 25mM Tris/ 700mM glycine pH 7.8 containing 15mM 

,_ 
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Figure 18. SDS-PAGE of Sepharose 6B gel filtered 

neuronal glycoprotein peaks on 8% acrylarnide gel 

stained with coornassie blue. A. Peak I, B. Peak II. 
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Figure 19. Acid-urea-PAGE of Sepharose 6B gel filtered 

neuronal glycoprotein peaks on 5% acrylamide gel 

stained with coomassie blue. A. Peak I, B. Peak II. 
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NaN;. '{he chromatography. was carried out at 25'C with a flow rate 

of 6ml/h. Fractions of 0.5ml were directly collected in 

scintillation vials and counted. The peak II eluted long after 

cytochrome c (12.5KDa) indicating a low molecular weight fo~ the 

glycoprotein [Table 61. However the exact molecular weight could 

not be estimated due to the anomalous migration of low molecular 

weight proteins on gel filtration. 

The Sepharose 6B void volume peak might represent a i.arge 

neuronal surface glycoprotein. When compared to the globular 

proteins, glycoproteins in general exhibit higher apparent 

molecular weight in gel filtration columns, due to its extended 

nature. The presence of high molecular weight glycoproteins on 

the neuronal surface could not be ruled out. The •olecular mass 

of the cell surface glycoprotein epitectin as determined b~ gel 

filtration ranged from 1.0-1.5 X 10' daltons with two bands of 

apparent molecular weight 390KDa.and 350KOa on SDS-PAGE <15). 

The gel filtered peak II might represent the monomers of the 

peak I protein. The similar electrophoretic pattern for both 

peaks on urea-PAGE and SDS-PAGE substantiated this possibil~ty. 

According this hypothesis, the components of neuronal Con A 

eluate include a high molecular weight glycoprotein exclude~ by 

Sepharose 6B and it~ ~issociated monomers. The native unlabelled 

neuronal glycoproteins did not produce a fast moving urea-PAGE 

band corresponding to that of the tritiated gel filtered peaks. 

Treatment with urea might be insufficient in dissociating the 



TABLE 6. 

GEL-FILTRATION OF PEAK II FROM SEPHAROSE 68 ON SEPHADEX G-75. 

PROTEIN MOLECULAR WEIGHT ELUTION VOLUME ( rnl) 

BSA 67,000 21 

Ovalbumin 45,000 24 

Peroxidase 40,000 25 

STI 20,100 27 

Cytochrome c 12,500 30 

Peak II 44 
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- native- nettror1al- glycoprotein to it~;~- -mo-nomers. This could be due-

to the formation of heterogenous micellar aggregates by the 

neuronal protein subunits. The four urea-PAGE bands of the native 

protein probably represented the different stages of micellar 

aggregation. Acetic anhydride labelling might have destabilized 

micellae formation enabling the complete dissociation of the 

protein to its monomers by urea. This explained the higher 

mobility of acetic anhydride labelled neuronal glycoproteins on 

urea-PAGE as compared to the native unlabelled glycoprotein. 

Another possibility was the formation of a high molecular 

weight protein micellar aggregate represented by the void volume 

peak formed from a low molecular weight protein represented by 

the peak II. According this hypothesis, the major component of 

neuronal Con A eluate could be a low mol~cular weight 

glycoprotein with an inherent property to form micellar 

aggregates. Glycophorin is known to form aggregates in neutral 

aqueous ' solutions, even in presence of 6M guanidine 

hydrochloride ( 182). The phenomenon of self micellae formation 

could be related to the amphipathic nature of integral membrane 

glycoproteins. Both the hydrophilic carbohydrate moieties and 
-· 

their hydrophobic domains contribute to the amphipathic nature of 

surface glycoproteins. The formation of micellae is a critical 

process which depends not only on the amphipathic nature of the 

solute but also on the monomerisation power of solvents. Methanol 

is known to destabilize the micellae formation bygangliosides. 
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surface hydrophobic patch~s in protein molecules represented by 

their tertiary structure. Urea interferes with the hydrogen bond 

forma£ion in protein molecules diminishing their hydrophobicity. 

The diminished hydrophobicity 'might destabilize the protein 

micellae formation converting them to smaller micellae or the 

complete dissociation of the protein· to its monomers. Urea 

treatment could be insufficient in the complete dissociation of 

the neuronal protein micellae to its individual protein 

molecules. The incomplete dissociation was manifested by the .. 
formation of heterogenous smaller micellae represented by the 4 

bands on urea-PAGE. Acetic anhydride labelling might have 

destabilized the micellae formation, enabling its total dissoc-

iation to individual protein molecules by urea. T~ip explained 

the higher mobility of acetic anhydride labelled neuronal 

glycoproteins on urea~PAGE. 

-· The acetic anhydr-ide labels free amino groups in proteins, 

resulting in the reduction of their positive charge. Reduction in 

the total number of ~ositive charges on neuronal glycoprotein(s) 

by acetic anhydride labelling was expected to decrease its 

mobility' on acid-urea-PAGE. The electrophoretic mobility of a 

protein 1s governed by its charge/mass ratio. 'J'he decreased 

surface charge of neuronal glycoprotein(s) appeared to be 

compensated by the dissociation of micellar aggregates to its 

monomeric form causing a net.increase in the charge/mass ratio ... ~-
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Th~ above mentioned o_bservations· indicated the presence of. a low 

molecular weight protein in the neuronal Con A eluate, 

represente~ by the gelfiltration peak II., The probability of 

acetic anhydride labelled neuronal glycoproteins migrating in the. 

' 
opposite direction in acid-urea-PAGE was not investigated. As 

mentioned earlier the native neuronal glycoproteins did not 

migrate in alkaline-urea-PAGE. A change in the isoelectric point, 

due to the acetic anhydride labelling could alter the 

electrophoretic behaviour of proteins. 

High Performance Liquid Chromatography: 

The tritiated Con A eluate and the gel filtered peaks were 

subjected to reverse phase HPLC. The HPLC procedure was carried 

out with a 10pm Lichrosorb RP 8 colurnn(4 X 250 mm). The HPLC 

gradients were formed from sol vents A · (water, . 0 .l%TFA} and 

solvent B (isopropanol, O.l%TFA). Tritiated second trimester 

neuronal glycoproteins were dissolved in 25mM Tris I 100mM 

glycine pH 7.8 at a concentration of 0.25 mg/ml and centrifuged 

at 15, OOOg X 3 min. The supernatant was extensively dialysed 

against distilled water. The pellet obtained was washed twice and 

suspended in distilled water. The aqueous suspensionsClOOul> of 

supernatant (12,000cpm) and the pellet (27,000cpm) were mixed 

with equal volumes of TFA, vortexed and centrifuged at 15,000g X/ 

3 min to obtain supernatants. One hundred microlitre of the 

supernatants _were injected into HPLC. From the pellet only 50% of 

the total proteins could be· solubilized ·by this procedure. 



<tc'~>,, 

Fractions of 0. 5ml, at 1 min- intJrvals were directly- collected- in 
scintillation vials. The fractions were counted for 

radioactivity. In gradient I both sup~rnatant and the pellet 

migrated as broad peaks with retention times of 54 min [Fig.20]. 

The HPLC analysis of neuronal glycoproteins from full term fetal 

brains with gradient I, also resulted in a broad peak with the 

similar retention time as mentioned above [Fig.211. 

The gelfiltered peaks of second ·trimester neuronal 

glycoproteins were extensively diilysed against distilled water 

and concentrated by lyophilization. During the process, proteins 

precipitated from their solutions. The aqueous suspensions ( 75lll) 

of peak I (8,500cpm) and peak II <10,500cpm) were mixed with an 

equal volume of TFA, vortexed and centrifuged at 15,600g X 3 min 

to obtain supernatants. One hundred microlitre of the 

supern~tants were {njected into HPLC. Radioactivity measurements 

in the supernatants indicated 50% solubility for the peak I 

protein and 100% for the peak II protein. In gradient I, the gel 

filtered peaks migrated as single broad peaks with retention 

times of 58 min for peak I and 47 min for peak II [Fig.20]. The 

gel filtered peaks of neuronal glycoproteins from full term fetal 

brains also exhibited similar retention times as mentioned above 

when iubjected to HPLC analysis under similar experimental 

conditions [Fig.211. 

the l'H)-acetic anhydride labelled"neuronal 
-

glycoproteins migrated as a single broad ~eak with a retention 
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Figure 20. HPLC of [ 1H]-labelled second trimester 

neuronal glycoproteins on RP-8 in gradient I (0---0). 

Flow rate = O.Sml/ min; Solvent A = Water-0.1% TFA; 

~ Solvent B = Isopropariol-0.1% TFA; A. Gel filtered peak 

II, B. Pellet, C. Gel filtered peak I, D. Supernatant. 

For details see the text. 
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Figure 21. HPLC of [ 3H J -labelled full term neuronal 

glycoproteins on RP-8 in gradient I (0---0). Flow rate 

= O.Sml/min; Solvent A = Water-0.1% TFA; Solvent B = 
Isopropanol-0.1% TFA; A. gelfiltered peak II, B. total 

glycoproteins, C. gel filtered peak I. For details see 

the text. 
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time. of 71 min (Fig ._221t! ~-_~lie_ HPLC .. peaks· were_ c6n,cehtr~ated tt? 
-. 

dryness and checked for Je6tin interaction-by dot enzyme linked 

lectin assay. All the above mentioned HPLC peaks were positive 

for their interaction with Con A, WGA and RCA. In both gradient 

I and II in addition to the major "peaks described above, there 

was a minor peak at 7 min which was positive for lectin binding •. 

Carboxymethylated neuronal glycoproteins were subjected to 

reverse phase HPLC after dansylation. The carboxymethylated 

proteins ( 200pg) were dissolved in 200pl of 40rnM Li 1C01 I HCl pH 

9. 5 containing 1% SDS. Twenty microl i tre of dansy 1 chloride 

[2.5mg I 0.1ml acetonitrile) was added and incubated at 37'C for 

1h. 'After dansy lation the proteins were precipitate_d with 4 

volumes of methanol and washed three times with 80% methanol. It 

was dried under vacuum and dissolved in 200pl of 50% TFA. One 

hundred microlitre of the 15, 600g X 3 min supernatant was 

subjected to HPLC. One minute fractions 6f 0.5ml were collected. 

~he fractions were diluted to 2.5 ml with distilled water and 

their fluorescence was measured. In gradient I, the dansylated 

neuronal glycoproteins migrated as a broad peak with a retent1on 

time of 61 min (Fig.231. 

Digestion witb Trypsin and Pr~ 

In the present study of proteolytic digestion, 

carboxymethylated glycoproteins were labelled with periodate-

NaB1H4 , at.their carbohydrate moieties. The proteins were further 

dansylated in presence of SDS to block the free amino groups._ The 
~~'~;.~,v~n~"'~~·~,,~~··.··~··~•· 
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Figure 22. HPLC of [ 1H]-labelled neuronal glycoproteins 

on RP-8 in gradient II (0---0). Flow rate= 0.5ml/min; 

Solvent A = ~ater-0.1% TFA; Solvent B = Isopropanol-

0.1% TFA. For details see the text. 
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neuronal glycoproteins on RP~8 in gradient I (0---0). 
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Em.Max = 510 nm. Experimental details are described in 

the text. 
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proteolytic digestion would 1 ibex ate new amino groups which could 

be labelled with (HC)-acetic anhydride. The proteolytic cle:.vage 

was analyzed by HPLC with a RP 8 column. 

Periodate-NaB1H4 labelling: 

The periodate oxidised neuronal glycoproteins were reduced 

with NaB1H4 according to the method of Lenten and Ashwell<:90l. 

Carboxymethylated neuronal glycoproteins(lmg) were suspended in 

O.lml lOOmM sodium acetate~buffer pH 5.0 containing 8M ure:. and 

boiled for 2 min to denature the proteins. The preparation was 

diluted to 0. 3ml with lOOmM sodium acetate buffer pH 5. 0 and 

0 .lml of 40mM sodium meta per iodate dissolved in the same b·c<ffer 

was added. The preparation was incubated at 4'C in the dark for 

16h. Ethylene glycol(lOpl) was added and further incubated at 

25'C for lh in the dark. Twenty microlitre of NaB 1H4 (8 X 10' cpm) 

in lOmM NaOH was added and incubated at 25'C for 90 min. The 

proteins were precipitated with 8 volumes of methanol and ~~shed 

- 5 times with methanol and dried under vacuum. It was suspend€:d in 

500pl of 40mM Li 1C01 I HCl pH 9.5 containing 2% SDS, aliquots were 

counted for radioactivity. There was a net incorporati-:n of 

45,000 cpm to the glycoproteins. The proteins were dansylat-::d as 

described under materials and general methods. 

Proteolytic Digestions: 

The tritiated and dansylated neuronal glycoproteins were 

subjected to trypsinisation as given below ( 263). A suspenslon of 

the ·protein ( 500pg) in 500J.ll of lOOmM phosphate buffer pH 7. 6 
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~"containing 2M urea was~ prepared arid divided into 2 al iquots. To 

the test 20pg TPCK-trypsin in 20pl of O.OOlN HCl was added and 

incubated at 37•c for 5h. This was followed by the addition of 

another 20pg of trypsin and further incubation for 24h. After the 

digestion the trypsin activity was inactivated by boiling the 

preparation at lOO•c for 5 min. In the control sample trypsin 

(40pg) was added just prior to the boiling. 

The pronase digestion of tritiated and-dansylated neuronal 

glycoproteins was carried out as given below(71,81). A suspension 

of the protein(500pg) in 500pl of pronase digestion buffer 150m~ 

N-ethyl morpholine I HCl pH 8.0-lOmM CaCl 1-2M urea) was prepared 

and divided into 2 aliquots. To the test 20pg pronase dissolved 

in 20pl of the pronase digestion buffer was added and incubated 

at 37'C for 24h~ One drop of toluene was added as a 

bacteriostatic agent. Another 20pg pronase was added and further 

incubated for 24h, which was followed by the addition of a third 

aliquot of lOpg pronase and incubation for another 24h. Pronase 

activity was inactivated by boiling the preparation at lOO•c for 

5 min. In the control sample 50 pg pronase was added just prior 

to the boiling. 

14C-labe 1 I ing of Glycoprotein: 

The pH of the pronase treated preparatiops were adjusted to 

8.5 by the addition of N-ethyl morpholine and for the trypsin 

treated samples the pH was adjusted to 8.5 by the addition of lN 

NaOH. Fifty microlitre of <''C)-acetic anhydride (2 X 10' cpmJ in 
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acetone was- added and incubated- at 25'C for 45~ min. Cold acetic 

-anhydride(lO~l) was added and the pH was adjusted to 8.5 before 

incubating for another 45 min. One hundred microlitres of glacial 

acetic acid was added to the preparation followed by the addition 

of 100~1 of TFA. It was centrifuged at 2000 rpm for 5 min to 

remove the precip~tated proteins. Supernatant was flash 

evaporated to dryness. Added 0.6 ml of 100mM pyridine/acetate pH 

5. 0 and further flash evaporated to dryness. The process- was 

repeated 5 times to ensure the removal of free < 14 C) -acetic 

anhydride. The 14 C- incorporation to the preparations were very 

low. To the dried preparations 100~1 of 50% TFA was added, mixed 

and centrifuged at 15,600g X 3 min. Supernatants (100~1) were 

subjected to HPLC using a 10~m Lichrosorb RP 8 column (4 X 250 

mml. The HPLC gradient III was formed from solvent A (water, 0.1% 

TFA) and solvent B (isopropanol,O.l%TFA). Fractions of 0.5 ml 

were collected at 1 min intervals directly into scintillation 

vials. The fractions were _counted in LKB Liquid Scintillation 

Counter at ambient temperature. 

The same protocol of proteolytic digestion was carried out 

for the neuronal glycoproteins from second trimester and full 

term fetal brains. The HPLC analysis revealed the absence of 

proteolytic cleavage by trypsin and pronase for the neuronal 

glycoproteins from both sources {Fig. 24,25]. The very low 

incorporation of 14C in to the glycoproteins after the proteolytic 

digestion, itself was a manifestation for the absence of 
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Figure 24. HPLC analysis of trypsin digested neuronal 

glycoproteins on RP-8 in gradient III (0---0). Flow 

rate = O.Sml/ min. Experimental details are described 

in the text. St-Second trimester neuronal glycoproteins 

test, Sc-Second trimester neuronal glycoproteins 

control, Ft-Full term neuronal glycoproteins test, Fc­

Full term neuronal glycoproteins control. 
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rate = 0.5ml/ min. Experimental details are described 
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Full term neuronal glycoproteins 6ontrol. 
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proteolytic cleav-age~- The Dansyl-Ed.man procedure demon-strat-ed the 

presence of lysine ~esidues 1n neuronal glycoproteins, the 

potential sites of cleavage for trypsin. The resistance of 

neuronal glycoproteins against proteolytic digestion could be 

attributed to their carbohydrate chains having a protective 

function. The steric hindrance imparted by the oligosaccharide 

chains must be restricting the accessibility of pronase and 

trypsin for their ~leavage sites. Deglycosylation or periodate 

oxidation of carbohydrates of peroxidases have been reported to 

increase their susceptibilities to proteolysis by trypsin(138)~ 

The hydrophobic nature of cell surface proteins renders them 

resistant to reduction and alkylation reducing the yield of 

peptide fragments generated by trypsin(231). The murein 

lipoprotein of the outer membrane of E.Coli was not completely 

digested by trypsin, chymotrypsin or papain(34). 

Phase partitioning of neuronal glycoproteins 

Neuronal glycoproteins labelled with ( 1H)-acetic-anhydride 

was extensively dialysed against distilled water to remove the 

free acetic anhydride. After dialysis 0.6ml of the 

preparation(26,000 cpm) was mixed with 1 ml of methanol and 2ml 

of chloroform. It was mixed and centrifuged to separate the 

phases. The separated phases were dried under vacuum and counted 

for radioactivity. The phase partitioning resulted in the 

recovery of 87% radioactivity in the lower organic phase, 2% in 

the-upper aqueous phase and 11% in the protein interphase. The 
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upper and lower phases were tne~ativ:~ f~r lectin binding whereas 

the interphase was positiv~~ .Phase partitionihg of ( 1H)-acetic 

anhydride was carried out by the same procedure described above, 

which resulted in the recovery of 11% radioactivity in the upper 

phase and 89% in the lower phase. 

In another experiment the tritiated neuronal glycoproteins 

( 26,000 cpm) were suspended ·1n 0 .1ml of distilled water and 

precipitated with 8 volumes of methanol and washed 4 times with 

methanol. The methanol washings were pooled together, dried under 

vacuum and counted for radioactivity. Of the total radioactivity 

recovered, 96% was present in the methanol washings and the 

remaining 4% 1n protein pellet. The methanol washings were 

negative for lectin binding whereas the protein pellet was 

positive. 



PART IV - DIFFERENTIAL LECTIN BINDING STUDIES ON NEURONAL 

CONCANAVALIN A-BINDING SURFACE GLYCOPROTEINS 

Elucidation of the structure of membrane glycoprotein sugar 

chains is indispensable in analyzing the molecular mechanisms of 

cell sociology and to study the cell surface changes during 
~-

differentiation. In most cases membrane glycoconjugates are very 

difficult to isolate in sufficient quantities for structural 

studies. The glycoconjuga~es usually exhibit microheterogeneitj 

in the structure of their carbohydrate moieties which further 

hinders the characterisation studies. 

The structures of carbohydrate chains of glycoproteins have 

been analyzed by conventional methods such as gas-liquid 

chromatography and mass spectrometry. These analyt1cal methods 

are often limited in application because they require relatively 

large amounts of sample and expensive instrumentation. 

Lectins are sugar binding proteins of non-immune origin that 

agglutinate cells or precipitate glycoconjugates(102). Each 

lectin binds specifically to a certain sugar sequence 1n 

oligosac6harides and glycoconjugates(218,101). Lectins have been 

~idely used for histochemical detection of sugar chains on the 

cell surface(249), staining and structural elucidation of 

electrophoret:t.cally separated membrane glycoptoteins ( 141, 142) , 

'·c>.:'u';separ~tion of cells 'in different differentiation stages ( 31,299) 

. '.-.... 
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and -isof~t.fon or-~ me~br~ne glycoconjugat'e~ on a prepa-rative~ scale 

by affinity chromatography(183). 

A combination of chemical and enzymatic treatments with 

lectin affinity studies have been used to establish the 

structures of oligosaccharide chains in glycoproieins(108,214). 

Different· lectins are able to recognize different saccharide 

sequences on the same glycan structure. However in general, the 

broad specificity and cross-reactivity of lectins with diffe~ent 

oligosaccharide structures make it impossible to eluc~date their 

corr~ct structure •. Glycoprotein visualization with lectins after 

electrophoretic separation followed by transfer to nitrocellulose 

paper offers the advantage of greater accessibility of 

oli~osaccharide side cha~ns to the various ligands(214~49). Once 

a complex has been . created and detected, it can further be 

analyzed by subjecting to solutions containing sugar haptens; 

thus the bound lectin can be specifically competed off the blot. 
-

Pfotein blotting has been used for the ~nalysis of glycoproteins 

in three different ways. The first has been via probing with 

lectin (53,16,98). The second approach entails in situ enzyme 

modification of glycoproteins(237,155) and the last involves a 

direct sugar stain, for example enzyme-hydrazides ( 154). The 

procedure of in situ enzyme ~odification is based on the fact 

that glycoprotein is immobilized yet accessible to glycos~dase 

treatment. By ·choosing variou_s endo- or exoglycosidases and the 

· right~ie-dtin, one can "sequence ... :an oligosaccharl.de)s:Lde chain. 

- <. t- -.. 
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For •the present study,· lectihs coupled to per iodate oxidised 

horse radish peroxidase were used to carry out the differential 

lectin binding studies. 

The neuronal glycoproteins separated on 8% SDS-PAGE was 

electrophoretically transferred to nitrocellulose for lectin 

affinoblotting. The transfer buffer consisted of 25mM Tris I 

192mM glycine pH 8.3-20% (v/v) methanol(282). The gel was rinsed 

in/distilled water after electrophoresis and soaked briefly in 

the transfer buffer along with the nitrocellulose membrane. They 

were placed one above the other and secured in the 

Electrophoretic Transfer Kit, between layers of Whatman No.1 

filter paper ( 6 each), also soaked in the transfer buffer. A 

current of 1mA/cm1 was applied for 2h with the nitrocellulose 

sheet facing the anode. The blot was stained with amidoblack 

(0.1% in 45% methanol-10% acetic acid) and destained with 90% 

methanol-2% acetic acid ( 244). The electrophoretic transfer of 

neuronal glycoproteins by the above method was complete as 

indicated by the absence of stainable protein bands in the gel 

after the transfer. 

Lectin affinoblotting of neuronal glycoproteins after electro-

phoretic transfer to nitroceltl!..los~ 

As described earlier the neuronal glycoproteins exhibited 

anomalous behaviour on SDS-PAGE. The lectin affinoblotting on 

nitrocellulose transfers of neuronal glycoproteins was carried 

but .in order to further asses the above mentioned phenomenon. The 
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hindinq of the various SDS-PAGE protein 

bands ~i~ifferent lectins would give further informations on the 

possible anomalous SDS binding to neuronal glycoproteins. It was 

carried out by the same protocol as described later for the dot 

enzyme linked lectin assay. The HRP-conjugates of Con A, WGA and 

RCA stained all the bands of neuronal glycoproteins. The higher 

sensitivity of HRP-lectin conjugates detected even the m1.nor 

band~ between the major SDS-PAGE bands making their 

identification difficult. The optical density of the stained 

protein bands was measured by densitometry. The nitrocellulose 

was dried on Whatman No.1 filter paper and immersed in liquid 

paraffin to achieve translucency for scanning densitometry. The 

optical density of the stained protein bands were measured at 610 

nm for amidoblack and 545 nm for HRP-lectin stain. The 

densitometry revealed the same profile of optical density for the 

protein bands with each of the 3 lectins [Fig.26]. The above 

mentioned observations further substantiated the anomalous SDS 

binding to neuronal glycoproteins. Different types of 

oligosaccharide chains could be present on the same polypeptid~ 

chain,· which explained the positive interaction with all the 

lectins for each of the SDS-PAGE protein bands. However thr~ 

optical density of the various stained bands could be different 

with the different lectin, depending on the distribution and 

number of oligosaccharide chains present on the polypeptide 

n the present study, stairiin~ int~nsity~or each of the 
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Figure 26. Scanning densitometry of the lectin affinoblott 
of neuronal glycoproteins. I. HRP-ConA, II. HRP-RCA, III. 
HRP-WGA, IV. Aroidoblack. The optical density was measured at 
610 rum for amidoblack and 545 nm for HRP-lectin stain. The 
experimental details are described in the text. 
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SDS-PAGE protein bands was the same with all three lectins, which 

could be due to the anomalous SDS-PAGE behaviour of neuronal 

glycoproteins. 

Dot Enzyme Linked Lectin Assay 

Differential lectin binding studies after chemical and 

enzymatic deglycosylation and the lectin binding in presence of 

their hapten sugars were performed by the dot enzyme linked 

lectin assay described below( 97). The neuronal glycoproteins 

precipitated with 8 volumes of methanol was extracted twice with 

water: methanol: chloroform (3:8:4) to remove the noncovalently 

associated glycolipids. The possible contaminant Con A present in 

the glycoproteins would interfere with the differential lectin 

binding studies. The delipidated proteins were boiled at 100'C 

for 2min to inactivate the contaminant lectin. The proteins were 

dissolved in 40mM Li 1C0 3 pH 9.5-0.05% SDS at a concentration of 

200~g/ml. The stock solution was serially diluted in the same 

buffer and 5~1 aliquots were spotted on strips of nitrocellulose 

paper. They were soaked in the quenching buffer (20mM Tris/ HCl 

pH 7.4-150mM NaCl-0.05% Tween 20) and incubated at 25'C for 2h. 

The quenching buffer was replaced with HRP-lectin conjugates(10-

20~g/ml) dissolved in the same buffer and further incubated at 

4'C for 2h. The HRP-serotonin was used at a concentration of 

lOO~g/ml. In case of Con A, the conjugate was dissolved in the. 

quenching buffer containing lmM MnC1 1 , lmM MgC1 1 , and 1mM CaC1 1 • 

After the incubation, the nitrocellulose strips were washed 3 
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times ·with the quenc;-hing buffer at_ ·4'C followed by 20mM Tris/HCl 

pH 7.4-lSOmM NaCl at 25'C. The nitrocellulose strips were 

incubated with the chromogenic substrate for 30 min for colour 

development. The nitrocellulose strips were washed twice with 

distilled water. The colour intensity depends on the affinity 

between glycoproteins and lectin-peroxidase reagents and also on 

the specific activities of the lectin-peroxidase reagents. The 

lectin probes provided some information as to the nature and 

composition of oligosaccharide side chains in glycoproteins. 

The dot enzyme linked lectin assay was performed wiih HRP-

conjugates of Con A, WGA, RCA, JSA, AHA, SBA, PNA and pea lect1n. 

All the lectins except SBA and PNA interacted with the neuronal 

glycoproteins. For hapten sugar inhibition studies, the 

respective hapten sugars were also incorporated in the quenching 

buffer and 1n the HRP-lectin solutions according to the 

c.oncentrations given in Table 7. For the hapten inhibition study 

with Con A, the starting concentration was 325pg/ml for the 

neuronal glycoproteins instead of 200pg/ml used with other 

lectins. The interactions of all the above mentioned lectins with 

the glycoproteins could be inhibited by their hapten sugars 

[Table 7}. When compared to the complete inhibition of Con A 

binding with 500mM u-MG, inhibition by 15mM u-MG was partial. The 

affinity of JSA, AHA and Con A for the neuronal glycoproteins was 

.,J;,"~;.i,j·f·Y·'jhigh~.r~.,iiE:tL<;ompared to RCA. 
<" -'"~;''"'"'- "-_··-=-,- .- , -.-·-.;-_-J''<-'•·< --'~:--~---~'<;,---J.-;:_c· '-'- :_ 



TABLE 7. LECTINS BINDING TO NEURONAL GLYCOPROTEINS 

HRP-LECTIN HAPTEN SUGAR TEST CONTROL 

CON A 
\ 

(a) 15mM a-MG +·+ + + + + + + + + - -

(b) 0.5M a-MG + + + + + + - - - - - -

RCA 0.2M Lactose + + + - - - - - - - - -

WGA o .• lM GlcNAc + + + + + + - - - - - -

JSA 0.2M Galactose + + + + + + - - - - - -

AHA 0.2M Galactose + + + + + + - - - - - -

Pea Lectin 0.2M Glucose + + + + + + - - - - - -

SBA - - - - - -

PNA - - - - - -
\ 

Lectin affino dot blotting was carried out for serially 

diluted glycoproteins with the concentration increasing from 

left to right. (+) for positive and (-'-) for negative lectin 
• binding. For experimental details see the text. 
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deglycosylation -

Deglycosylation of glycoproteins has been achieved 

enzymatically, biosynthetically using inhibitors of glycosylation 

such as tunicamycin, and chemically(171,14,265). The enzymatic 

approach has been found to be superior for structural studies 

because of its narrow substrate specificity. 

Trifluoromethanesulfonic acid treatment 

Deglycosylation by TFMS results in the destruction of 

oligosaccharide chains retaining the intact polypeptide chain~ 

The extent of deglycosylation depends on the duration and the 

temperature. The neuronal glycoproteins were subjected to TFMS 

treatment according to the method of Sojar and Bahl<265). Forty 

micr6litres of anhydrous TFMS was added to lOOpg of dry protein 

taken in a test tube, flushed with nitrogen and sealed with 

parafilm. The preparation was incubated at 25'C for 3h. It was 

cooled to -lO'C in ice and neutralized by the gradual addition of 

200pl of 60% aqueous pyridine also previously cooled to -20'C. 

The proteins were precipitated with 4 volumes of methanol after 

50pl of 10% SDS was added and further washed with 80% methanol. 

The glycoproteins were not susceptible to total deglycosylation 

under the experimental conditions as indicated by the residual 

binding of Con A, WGA, JSA and AHA (Table 8].-



TABLE 8. LECTIN BINDING TO NEURONAL GLYCOPROTEINS AFTER TFMS 

TREATMENT AND PERIODATE OXIDATION 

HRP-LECTIN CONTROL TFMS Nai0 4 

CON A + + + + + + + + - - - - + - - - - -

WGA + + + + + + + + + - - - + + + - - -
\ 

RCA + + + - - - - - - - - - - - - - - -

JSA + + + + + + + + + - - - + + - - - -

AHA + + + + + + + + + - - - + + - - - -

Pea Lectin + + + + + - + + - - - - + - - - - -

Lectin affino dot blotting was carried out for serially 

diluted glycoprotins with the concentration increasing from 

left to right. (+) for positive and (-) for negative lectin 

binding. For experimental details see the text. 
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.· Periodate OXidation 
. 

The susceptibility of carbohydrate moieties to periodate 

oxidation was examined. The oligosaccharide chains were modified 

by a mixture of 40mM Nai04 and 80mM NaCNBH 4 ·in 200mM sodium 

acetate buffer pH 3.5 mixed in equal volumes just before 

use(281). Two hundred microlitres of the reaction mixture was 

added to 50~g of the protein suspended in 200~1 of 200mM sodium 

acetate buffer pH 3. 5. Th~ . preparation was mixed well and 

incubated at 4'C for 24h in the dark. One hundred microlitres of 

20%(v/v) glycerol was .added to stop the reaction. The proteins 

were precipitated with 4 volumes of methanol after 80~1 of 10% 

SDS was added. The glycoprotein oligosaccharide chains were not 

susceptible to total modification under the experimental 

conditions as indicated by the residual binding of Con A, WGA JSA 

and AHA [Table 81. 

Nitrous acid deamination 

The glycoproteins were subjected to nitrous acid deamination_ 

according to the method of Ferguson et al ( 78) • One hundred 

micrograms of protein dissolved 1.n 0. 45 ml of 250mM sodium 

acetate buffer pH 3. 5 containing 200mM NaN0 2 was incubated at 25'C 

for 5h.· The proteins were precipitated with 4 volumes of 

methanol. The lectin binding to the glycoproteins was not 

sufficiently altered [Table 9]. Glucosaminyl linkages 1.n 

oligosaccharides are cleaved by nitrous acid deamination. The 

2~~~JJ~J.q:~.racetyl groups from the N-acetylglucosamine resid.ues is 



TABLE 9. LECTIN BINDING TO NEURONAL GLYCOPROTEINS AFTER 

NITROUS ACID DEAMINATION 

HRP-LECTIN CONTROL TEST 

CON A + + + + + + + + + + + -

~>jGA + ... + + + + + + + + + -
\ 

RCA + + + - - - + + - - - -

~TSA + + + + + + + + + + + + 

AHA + + + + + + + + + + + -

Pea Lectin + + + + + + + + + + + -

Lectin affino dot blotting was carried out for serially 

diluted glycoproteins with the concentration increasing from 

left to right. (+) for positive and (-) for negative lectin 

binding. For ex~erimental details see the text. 



135 

essent~icil"" - for' the~"':'}' dJ~miriat:ion to'-; _'>take ~9. pla~"~~'(If91. The 

insufficient deaminatio~ observed in the present st~di indicated 

the fact that all glucosamine residues in neuronal glycoproteins 

were N-acetylated. 

Chemical desialylation 

Fifty micrograms of dry prot~ins were suspended in 200vl of 

0 .lN H1S04 and incubated at 80'C for lh. The proteins were 

precipitated with 4 volumes of methanol after the protein 

~elution was made to 20 
"0 SDS. The chemical_ desialylation 

diminished the binding of serotonin and WGA, whereas the 

galactose binding lectins (RCA, JSA and AHA) did not exhibit 

~nhanced affinity [Table 10]. 

Neuraminidase treatment 

Neuraminidase treatment of neuronal glycoproteins 

immobilized on nitrocellulose paper was performed as given 

below(l20). Aliquots (5pl) of the serially diluted glycoproteins 

were spotted on nitrocellulose, with a starting concentration of 

200vg/mf. Soaked in the blocking buffer (lOOmM sodium acetate I 

.acetic acid pH 5.6-0.05% Tween 20) and incubated for 2h at 25'C. 

The blocking buffer was drained off and incubated with 

neuraminidase (1U/20ml) in the same buffer for 18h at 37'C. As a 

control another nitrocellulose paper spotted with serially 

diluted protein was incubated in the blocking buffer alone under 

similar conditions. The nitrocellulose sheets were washed 4 times 

~with:-~ ~~ 20mM Tris (;"'H~l~· P~!L 7.4-0.05%, Tween _20·, >(ollowed by 
~ i - ' ~ 



TABLE 10. LECTIN BINDING TO NEURONAL GLYCOPROTEIN AFTER 

CHEMICAL DESIALYLATION 

HRP-CONJUGATE CONTROL TEST 

SEROTONIN + + + + - - - - + - - - - - - -

WGA + + + + + + - + + - - - - -

RCA + + + - - - - - + + + - - - - -

JSA + + + + + + + - - + + + + + + + - -

\ 

AHA + + + + + + + - - + + + + + + + - -

SBA 
·' - - - - - - - - - - - - - -

PNA - - - - - - - - - - - - - -

Lectin affino dot blotting was carried out for serially 

diluted glycoproteins with the concentration increasing from 

left to right. (+) for positive and (-) for negative lectin 

binding. For experimental details see the text. 
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i-ncu-oatioD. •· with- _-the respective HRP-conjugates of~ lecti-n~-: and-

serotonin for 16h at 4'C. The neuraminidase treatment resulted in 

decreased binding to WGA and serotonin {Table 111. 

The effect of NaCl on serotonin binding was checked by 

incubating the protein spotted nitrocellulose paper with HRP-

serotonin dissolved in 20mM Tris I HCl pH 7.4-lM NaCl-0.05% Tween 

20. After 16h incubation at 4'C, the nitrocellulose sheet was 

washed 3 times-with the same buffer before colour developoent. 

The serotonin binding to the glycoproteins decreased 

significantly in the presence of 1M NaCl as compared to the 

control. 

The following factors should be taken into consideration 

while attempting to analyze the observat.ions on differential 

lectin binding studies. The study was carried out with total Con 

A eluate which could be a mixture of glycoproteins. It 1s 

difficult to make conclusions when different oligosaccharide 

chains are pre~~nt even on one polypeptide chain. The source of 

the glycoproteins was a developing tissue where the synthetic 

pathway is incomplete. As described earlier, the glycoproteins 

exhibited a tendency to form micellae. The formation of micellae 

in aqueous solutions mi~ht prevent the accessibility of 

oligosaccharide chains for chemical and enzymatic modificat:0ns. 

In general the hydrophobic membrane proteins tend to form 

aggregates diminishing their accessibility for chemical reagr::nts. 

The biantennary complex type oligosaccharide chains are 



TABLE 11. EFFEC'f OF NEURAMINIDASE TREATMENT ON THE 

BINDING OF WGA AND SEROTONIN TO NEURONAL 

GLYCOPROTEINS 

HRP-CONJUGA.TE CONTROL TEST 

WGA + + + + + - + + - - -

SEH.OTONIN + + - - - - - - - - -

-

-

Lectin affino dot blotting was carried out for serially 
' 

diluted neuronal glycoproteins with the concentration 

increasing from left to right. (+) for positive and (-) for 

negative lectin binding. For experimental details see the text. 
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~ "- -bound only w~akly to Con A and can be eluted with 15mM !u·;;MG.~ Hj,gh_ ~ 

mannose and hybrid type oligosaccharide chains establish strong 

interaction with immobilized Con A and required 500mM~a.-MG for 

elutibn<218). The neuronal glycoproteins required 500mM a.-MG for 

the complete inhibition of Con A binding which indicated the 

presence of high mannose and hybrid or only one of the two types 

of oligosaccharide side chains. The partial inhibition of Con A 

binding by 15mM a.-MG revealed the presence of bianten_!lary complex 

type of oligosaccharide side chains. 

According to the recent reports, the GlcNAc81-4Manfn-

4GlcNAc 131-4GlcNAc-Asn structure is essential for the tight 

binding of glycopeptides to WGA(218). Glycop~ptides with hybrid 

and bisected biantennary sugar chains fulfilled this structural 

requirement and were reported to bind with WGA-Sepharose(308). 

High mannose and biantennary or triantennary complex type 

glycopeptides did not bind on WGA-Sepharose. The presence of 

sialic acia residues in glycopeptides has been implicated 1n 

their enhanced interaction with WGA as found in the present 

study. Residual binding of neuronal glycoproteins to WGA after 

enzymatic and chemical desialylation indicated either the 

presence of hybrid and I bisected biantennary types of 

oligosaccha~ide side chains. Several workers have shown that the 

binding of WGA to cells or glycopeptides was decreased after 

treatment with neuraminidase<21,202,42). However the inhibitory 

effect of N-acetyl neuraminic acici is weaker than that of 
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GlcNAc(20) and the presence of clustering sialyl ~~esidues may be 

necessary for the strong interaction of sialoglycoconjugates with 

WGA(22). The poly(N-acetyllactosamine)-type glycans found 1.n 

mammalian cell surface glycoproteins has been reported as another 

major binding site for WGA (89,285). 

Significant decrease in the binding of seroton1n to the 

neuronal glycoproteins after the chemical and enzymatic 

desial¥lation further demonstrated the presence of sialic acid 

residues. The serotonin binding to sialic acid was an 

electrostatic interaction and was inhibited by 1M NaCl. Affinity 

chromatography utilising the interaction of serotonin with NeuAc 

and its derivatives have been employed for the isolation of 

sialoglycoproteins ( 268). The sialic acid residues of neuronal 

glycoproteins were involved in binding to serotonin at the cell 

surface. In general a higher percentage of sial1.c ac1d has been 

reported 1.n the develop1.ng and oncolog1cal tissues(l94,314). The 

comparatively lower sialic acid content of the Con A-b1nd1ng 

neuronal glycoproteins could be attributed to the mild sonicat1.on 

step involved in their isolation procedure. As mentioned earl1er, 

drastic sonication of delipidated neuronal proteins resulted in 

the loss of 25% bound carbohydrate. Sialic acids were the 

terminal and the most labile carbohydrate residues 

glycoproteins. 

Peanut agglutinin and soybean agglutinin have been 

demonstrated to bind preferentially to mucin type 
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,glycopeptides < 218). Peanut agglutinin> binds pref~rentiall} ·to 

Gal~l-3GalNAc«l-Ser/Thr and SBA shows higher affinity for 

GalNAc«l-Ser /Thr. The ~eagre interaction of SBA and PNA 'N'ith 

neuronal glycoproteins indicated limited number of 0-l~nked 

~ligosac~haride chains. These results are in agreement with the 

previous studies on - whole brain, where the 0-l:nked 

oligosaccharides was found -t;.o comprise only 10-20% of the 

glycoprotein-bouna carbohydrates(189). The limited number~cf 0-

linked oligosaccharide chains present in the neuronal 

. glycoproteins might not have been available for lectin bincil.ng ~ 

In glycoproteins the a-linked carbohydrate chains are 

-comparatively short and buried inside masked by the longer and 

more branched N-linked oligosaccharide chains. The micellae 

formation of neuronal glycoproteins could have further occ~uded 

the 0-linked sugar chains making it less accessible tc the 

lectins. The steric hindrance due to the large size of PNA 

molecule might have prevented it from interacting with spe~Lfic 

sugar chains of the glycoproteins. There have been reports that 

in addition to the carbohydrate chains, lectins recogn1se the 

peptide portion of glycoprotein structure(309). The number sf 0-

linked ~arbohydrate chains in neuronal glycoproteins could be 

developmentally r~gulate,d. The incomplete synthetic pathway 1n 

developing brain might explain the lower number of 0-l:.nked 

oligosaccharide chains. In many cases desialylation exposed the 

:~::"·,;;::;,:;:~t,"t:~3'fiil-c\':~~;p,N. binding structures( 53). In case oL the neuronal glycoprot.eins 
' *'. 
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chemical desiaiy lation did riot expose PNA binding sites. The poor 

sensitivity of detection for PNA and SBA could be another factor 

which resulted in their almost negative interaction with the 

neuronal glycoproteins. 

The affinity of Con A for the glycoproteins was more as 

compared to RCA, indicating a probable higher percentage of high 

mannose chains with less number of complex type oligosacchar1de 

chains. Ricinus commun1s agglutinin primarily binds to the 

terminal Galel-4GlcNAc and much more weakly to the Galel-3GalNAc 

sugar sequence. The affinity of JSA and AHA for the neuronal 

glycoproteins was more as compared to RCA. The lower affinity for 

RCA interaction was further demonstrated by its total absence of 

binding after periodate oxidation and TFMS treatments. The Jack 

fruit seed agglutinin and AHA have higher affinity for the a-

galactose residues when compared to the B-galactose res1dues 

(272,8>. The differential anomeric specification of these 

-
galactose binding lectins could explain their different bind1ng 

affinities for the neuronal glycoproteins. The glycoproteins tend 

to form aggregates, diminishing the accessability of ~heir 

oligosaccharide chains for lectin binding. Steric hindrance for 

the large RCA molecules to the galactose residues could be more 

as compared to JSA aQd AHA. 

Terminal a-linked galactose units has been reported to occur 

in several cell membrane glycoconjugates(294). The poss1ble 

presen2~6f a-galactose residues in human brain might impar~ the 
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highe~ aff_inity of _JSA and AHA for the neuronal glycoproteins 

compared to RCA. Alpha-galactose residues are considered to be 

either absent or cryptic in human system since serum antibody 

against ~-galactose residues (anti-gal) was found to be present 

in humans. The brain cells function in an env1ronment.. .uwlated 

from other organ systems in the body because of the blood brain 

barrier. Lacking both immunocompetent cells and antigenic 

stimulation, the normal brain does not synthesize antibody. 

Considering the above mentioned immunological background, the 

presence of ~-galactose residues in human brain should not be 

considered a remote possibility. The immunological privilege of 

brain depends upon the integrity of the blood brain barrier. In 

pathological conditions the barrier breaks down and the 

inflammatory process allows lymphocytes and antibody to enter the 

nervous system. One of the causes for the central nervous system 

autoimmune disorders may be the immunological reactions aga1nst 

~-galactose residues. The blood brain barrier is incomplete 1n 

the human fetus. The permeability persists to the end of 

gestation and into the neonatal period. Antibodies of the IgG 

class from the mother pasa across the placenta which include the 

anti-gaL The above mentioned observations questions the possible 

presence of ~-galactose residues in fetal brain. However in the 
~ 

fetal brain, the ~-galactose residues could remain cryptic 

during the period of brain development and its concentration may 

be developmentally regulated. 
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Investigations on the ligand specificity of jack seed 

agglutinin revealed its high affinity for the T-antigenic 

structure [1-P-D-galactopyranosyl-3-(a-2-acetamldo-2-

deoxygalactopyranoside) J in glycoproteins(48l. This d1saccharide 

forms the typical core structure of oligosaccharides linked to 

serine or threonine(13). The above mentioned data suggest the 

binding of JSA is specific for a-Jinked oligosaccharides and is 

not expected to bind any N-1 inked ol igosacchar1des ( 134). The 

neuronal glycoproteins exhibited strong 1nteraction with JSA 

which 1ndicated the possible presence of a-linked oligosaccharide 

chains furnishing the a-2-acetamido-2-deoxygalactopyranoside 

required for the lectin binding. When compared to PNA and SBA the 

sensitivity of JSA could be more 1n detecting the a-linked 

oligosaccharide chains. Hortin and coworkers have demonstrated 

the occurrence of a single a-linked oligosaccharide chain (even 

when sialy lated) as adequate in med1at1ng the binding of a 

glycoprotein to JSA(l34). The higher sensit1vity of JSA might 

have enabled- it 1n detecting the limited number of a-11nked 

oligosaccharide chains in the neuronal glycoproteins. The smaller 

size of JSA molecule further facilitated its interaction with the 

glycoproteins. The probable presence of a-galactopyranose 

residues in neuronal glycoproteins could explain their affinity 

for JSA. Most N-linked oligosaccharides do not contain any 

galactopyranose or 2-acetamido-2-deoxygalactopyranose units in a­

anomeric linkag~s. The unc6mmon exceptioris to thi~ rul~ are-N-



. 143 

Iiriked 'oligosaccharides bearing blood group antigens, . whicJ have 

been demonstrated to have low affinity for JSA( 188). It 1s of 

further interest that the presence of a brain-specific 

disaccharide a-galactosyl-(1-3)-N-acetylgalactosamine has been 

demonstrated in rat, rabbit and chick brains(84). 

The presence of a fucose residue attached to the innermost 

GlcNAc residue in the core of 9lycopeptides is essential for high 

affinity binding to pea lectin ( 162). The positive interact:ion 

with pea lectin demonstrated the presence of fucose residues in 

neuronal glycoproteins. Even an asparagine residue is requ1red 

for high affinity binding of glycopeptides to pea lectin~ 

agarose(309). 

Ricinys communis agglutinin binds primarily to galactose 

moieties in complex or hybrid type sugar chains ( 218) . Exposure of 

the underlying galactose residues by desialylation has been 

reported to render the protein positive or enhance the binding 

affinity for galactose binding lectins(53). The impairment c~ RCA 

interaction by sialylation is much greater when the galactose 

residues are substituted by sialic acid at C-3 rather than C-

6(54). However desialylation did not enhance the affinit·/ of 

galactose binding lectins (RCA, JSA and AHA) for neuronal 

glycoproteins. Desialylation of rat Transferrin with commercial 

neuraminidase or by acid hydrolysis did not result in its binding 

RCA-Sepharose column whereas desialylation performed by 
~ __ ;:·- -- --. - > 

ion 'with rat liver endothelium caused its retention on 
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' RCA-sep}1arose- column <140). -_The ga1actosy_l --residues exposed ·by 

neuraminidase treatment or acid hydrolysis might have been 

modified by the desi.3lylation process so as to make them 

unavailable for binding to RCA(l40). The above mentioned 

observations can be extended to explain the similar results 

obtained with the neuronal glycoproteins. This was consistent 

with and supports the work of Hatten -et al ( 125) • They nave 

reported the penultimate galactosyl residues exposed by 

neuraminidase treatment or acid hydrolysis were not susceptible 

to enzymatic cleavage by ~-galactosidase. An alternative 

explanation would be that the penultimate galactosy 1 residues may 

be normally modified so that they would not bind to the galactose 

binding- lectins after desialylation(l40). Polysialosyl 

carbohydrate units have been reported to obcur in developing rat 

brain(80). The probable presence of similar structures in 

developing· human brain could be another explanation for the 

limited exposure of terminal galactose residues in the neuronal 

glycoproteins after desia~ylation. 

The incomplete deglycosylation of neuronal glycoproteins by 

TFMS treatment and the partial periodate ox~dation could be-

attributed to their tendency to form micellae making the 

oligosaccharide chains inaccessible to the reagents. The fixed 
. . 

duration for which these chemical reactions were carried out 

might not have been sufficient in unfolding the protein micellae 
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hydrophobic membrane proteins tend to form aggregates diminishing 

the accessibility for chemical reagents. 

The differential lectin binding studies were carried out 

with neuronal glycoproteins from second trimester and full term 

fetal brains. The glycoproteins did not appear to exhibit any 

prenatal developmental changes in the structure of their 

oligosaccharide chains under the limited conditions of study. 

/ 
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PART V IMMUNOLOGICAL STUDiis-

Immunochemical recognition of an antigen combined with 

characterization by physicochemical techniques allows the antigen 

to be characterized i~ molecular terms. tn addition to 

immunodetection, the recognition of an antigen as specific to the 

nervous system would enable in characterizing the behaviour of 
/ 

the antigen during cell growth, differentiation and oncogenesis. 

This would lead to -a better understanding about the molecular 

basis of neural development and in assessing the role of cell 

surface glycoproteins in cell sociology. Polyclonal and 

monoclonal antibodies have been used for the identification of 

carbohydrate structures on cell surfaces ( 75, 76}. The behaviour of 

oncofetal antigens which undergo changes with cell 

differentiation and oncogenesis have been characterized with 

antibodies against known, specific cell surface carbohydrate 

epitopes(152~. From earlier reports 25% of the antibody produced 
I 

against cell surfaces are directed towards carbohydrate residue~ 

present on the cell surface(1~7). Sensitivity and specif.icity of 

the immunological techniques makes them a valuable tool for the 

detectio.n, localization and quantitation of antigens in complex 

tissues. The majority of procedures available -for 

ch•racterization of a protein require the protein to be present 

in pure form and in sufficient amounts. Such conditions are 

difficult to fulfil for many proteins of the nervous system (26). 
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However,·· immuno~hemical · proced~ures are not limited by these 

requirements and have proven valuable tools in the analysis of 

neural markers. The introduction of monoc1onal antibody 

technology was a major advance and has already led to the 

recognition of many new cell type-specific antigens. By this 

technology it is possible to obtain specific antibodies using 

preparation containing many antigens. 

Immunization of rabbits and guinea pigs with whole neurons 

was attempted with the objective of raising polyclonal antibodies 

against neuronal cell surface. Production of polyclonal 

antibodies against 

glycoproteins would 

neuronal cell 

enable further 

surface Con A-binding 

characterisation these 

glycoproteins with respect to the following aspects. 

(a) To ascertain the specificity of these glycoproteins with 

regard to cell type, tissue, species and subcellular location. 

(b) To asses the changes in concentration and localization of 

these cell surface glycoproteins during the various stages of 

development. 

The presence of · antibody was checked by the following 

immunochemical techniques(199,24). 

(a) Ouchterlony double diffusion: The gel plates were prepared 

with 1% agarose in phosphate buffered saline pH 7.4-0.1% NaN 1 -

0 .1% Triton X-100. After loading the antigen and antibody the 

plates were incubated at 2s•c in moist atmosphere for 3-4 days. 
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(b) Counter current electrophoresis: The gel plates were prepared 

in 1% agarose in .0.075M barbitone buffered saline pH 8.3-0.1% 

Triton X-100. Twenty microlitre of sample was electrophoresed at 

5 rnA/plate for 90 min. For a better visualization of precipitin 

lines, the gels were stained with coomassie brilliant blue. 

(c) Immune electrophoresis: Twelve millilitres of 1% agarose 

prepared in 50mM barbitone I acetate pH 8.6-0.2% Triton X-100-

0.1% NaN 1 was layered on glass plates (84 X 94mm). The antigens 

(20pi) were layered in the wells and subjected to electrophoresis 

in the same buffer without Triton X-100, at 5~10 rnA I plate for 

90 min. Two hundred microlitre of antibody was loaded into slots 

after the electrophoresis and incubated for one week at 4'C. 

Slides were further incubated ~n the 0. 9% NaCl at 4'C with 3 

changes for 2 days. The gels were blotted dry with f~lter paper 

and dried at 50'C for 30 min. The dried gels w~re stained for 

5 min with coomassie brilliant blue and destained: 

(d) Dot enzyme linked Immunosorbent assay: Five microlitre of the 

antigen at a concentration of 0.5-1 mg/ml was spotted on 

nitrocellulose paper and incubated at 25'C for 2h in quenching 

buffer [20mm Tris/HCl pH 7.4-lSOmM NaCl<TBS) containing 2.5% 

gelatin, 0.05% Tween 20 and 0.1% NaN 1 J. This was followed by 

incubation with rabbit antibody (6-lOmg/ml) in the incubation 

buffer (TBS containing 0.25% gelatin and 0.05% Tween 20) 

overnight at 4rc. It was washed 3 times with the quenching buffer 

at 25'C at intervals of 10 min. It was then incubated at 4'C for 



2h in goat anti rabbi~ r-globulin~HR~ conjugate<tOOpg/~lt i~.th~ 

I 

incubation buffer. The plates were washed 3 times at 25'C 1rt the 
I 

quenching buffer followed by TBS. The colour was develope~ by 

incubating in chromogenic substrate for HRP as described earlier. 

Immunization of rabbits and guinea pigs with intact second 

trimester neurons was attempted. Neurons corresponding to a 

protein concentra~ion of 0.5-1mg in 1ml saline was mixed with an 

equal volume of Fruend's complete adjuvant and injected 

intraperitonially in rabbits and at multiple intramuscular sites 

in guineapigs. Succeeding doses were given after every 10 days, 

intramuscularly or subcutaneously at multiple sites in complete 

or incomplete adjuvant for rabbits. Guinea pigs were admin1stered 

every week. at 4 intramuscular sites in Fruend's complete 

adjuvant. Preimmune sera was collected and sera was collected 

periodically after the immunization"to check .for the antibody 

production. Neu-rons were solubilized by sonication ( 20 X 2nin) in 

PBS pH 7.4 containing 3% Triton X-100. The preparation was mixed 

with an equal volume of PBS, so that the concentration of Triton 

X-100 is lowered to 1.5%. The 100,000g X 60 min supernatant was 

used as antigen at a concentration of 5-10 mg protein/nl. The 

presence of antibody in immune serum was checked ·by 

immunodiffusion and counter current immunoelectrophoresis against 

the antigen. There was no antibody production against intact 

neurons after 6 months of immunisation in rabbits and 2 months in 
·J~~~;~;~*;~~-;~,.~j~,_;}t~~.~~~·:c;q""~~\"f:.:·~: ·~~ '·. · 

guinea pigs as detectable by the above twa methods. However the 
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animals were sacrificed and sera collected for checking adt1body 

response against neuronal Con A-binding glycoproteins. The 

preimmune serum and antisera were 50% saturated with ammonium 

sulfate at 4'C. The precipitated r-globulin fraction was 

collected by centrifugation at lG,OOOg for 15min and dialysed 

extensively against TBS pH 7.4-0.05% Tween 20 at 4'C. The 

presence of antibodies to neuronal Con A-binding glycoprote1ns in 

these fractions-were checked by dot enzyme linked immunosorbent 

assay. The glycoproteins did not bind to the r-globulin fract1ons 

purified from neuron immunized rabbit and guinea pig sera. 

In another attempt immunization of rabbit was carried out 

with neuronal Con A-binding glycoproteins. The second trimester 

neuronal Con A-binding glycoproteins(400pg) were resolved on 10% 

SDS-PAGE. The 50% methanol fixed, coomass1e brilliant blue 

stained gel corresponding to the region of neuronal glycoprotein 

bands were cut out. The gel pieces were homogenised with Potter 

Elvehjm-homogenizer in 6ml of PBS pH 7.4. The preparation was 

further mixed with 200vg of delipidated neuronal glycoprote1ns 

and divided into 4 equal aliquots of l.Sml each. Each of the 4 

aliquots were injected into the rabbit at 10 day intervals. The 

aliquots were mixed with equal volumes of E'ruend' s complete 

adjuvant and injected intramuscularly to the 4 1 imbs of the 

rabbit. The preimmune serum was collected from the animal before 

jmmunization. Formation of cysts was observed at the sites of 

injection. The cyst formation could have been due to the. presence 
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of acrylamide in the injected sample. The animal was bled 10 days 

after the last injection. Sera was collected randomly from 5 

rabbits as control. Antibody production against the glycoproteins 

was checked using the dot enzyme linked immunosorbent assay. The 

neuronal glycoproteins cross reacted with its antiserum as well 

as with the antiserum raised against Con A-binding glycoproteins 

from second trimester human fetal glial cells. Moreover the 

preimmune serum and all the 5 control sera also cross reacted 

with the neuronal Con A-binding glycoproteins. The binding of the 

antisera to the neuronal glycoproteins was traced to the r-

globulin fraction obtained by 50% ammonium sulfate saturation of 

the respective antiserum. This indicated an immunological cross 

reaction between the antigen and antisera. 

To further asses the nature of the immunological cross 

reaction, the f-globulin fractions from control and immune sera 

were resolved by Protein A-Sepharose 48 chromatography. The 

column (1 X 7cm) was equilibrated in 20mM Tris buffered saline pH 

7.4 (TBS) at 4'C and the sample was loaded in the same buffer. 

The colpmn was washed with 10 bed volumes of TBS and eluted with 

300mM glycine/HCl pH 3.0. The eluted fractions were immediately 

neutralized with 2M Tris base and precipitated with 50% ammonium 

sulfate saturation. The pellet obtained by centrifugation at 

10, OOOg X 30 min was suspended in and dialysed against TBS 

containing 0.05% Tween 20. Protein A-binding IgG fractions from 

both the immune serum and the control sera cross reacted with the 



152 

. 
production against the glycoproteins in addition to the 

nonspecific cross reaction was investigated. Serially diluted 

antigen was spotted on two strips of nitrocellulose paper. One 

strip was incubated with the control serum and the other was 

incubated with immune serum. The protein content of the two sera 

was similar. Dot enzyme linked immunosorbent assay revealed no 

difference between the test and the control indicating the 

absence of specific antibodies against neuronal glycoproteins. In 

conclusion, the neuronal glycoproteins could not elicit an immune 

response. Immunoelectrophoresis and counter current 

electrophoresis did not reveal any difference between the immune 

and control sera further confirming the absence of specific 

antibody production against the neuronal glycoproteins. 

The lack of antibody production could be due to the low 

antigenicity of neuronal glycoproteins. Immunosuppression due to 

-
the presence of, similar antigenic determinants in the injected 

anim.;1ls could be another factor for the lack of antibody 

response. The tendency of neuronal glycoproteins to form micellae 

might be preventing their accessibility to the immune system of 

the injec·ted animals. Hydrophobic membrane proteins tend to form 

~ggregates which can hinder the recognition of their antigenic 

determinants by the immune system. 

In general brain proteins in pure form are of low 

~~-, .,, immunogenicity. ,Proteins -:such <as S-100 and protein 14-3-2 
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elicited antigenic response only when administered conjugated to 

methylated BSA(175,204). Synaptin and 01, 02, 03 brain specific 

membrane proteins were defined by means of a polyspecific 

polyclonal rabbit antiserum raised against fractions of rat brain 

synaptosomal plasma membranes ( 29,146). Myelin proteins and glial 

fibrillary acidic protein on the other hand were highly 

immunogenic(211,286). Purified brain glycolipids are potentially 

antigenic. They are haptens and can elicit an immune respon.se 

covalently linked to carrier polymer, as micellar 

aggregates with a heterologous carrier polymer or as natural 

membrane fragments(113). It may be possible to elicit an antibody 

response against the neuronal glycoproteins by immunization after 

covalently linking it to another protein like bov.ine serum 

albumin or after i~corporating the glycoprotelns into liposomes. 
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GENERAL DISCUSSION 



GENERAL DISCUSSION 

Development of nervous system 1s one of the most complex 

examples of morphogenesis. It involves both the formation of 

intricate tissue structures and their precise interconnection. 

There are three main sources of variability in neural networks 

during development: somatic developmental sequence of network 

formation and neuroanatomy, the chemical variation related to 

neurotransmitters and the electrical variation. The developmental 

changes in ihe human central nervous system are accompanied by 

specific changes at the molecular level. The cell surface 

glycoproteins play an important role in brain development. These 

cell surface glycoproteins have been postulated to coord1nate the 

morphogenetic steps: neural induction, cell proliferation, 

migration, aggregation, cytodifferentiation, synapse format1on, 

cell death _and synapse elimination, all of these together 

constitute the neural development. 

The present study was carried out with the a1m of obtaining 

information on the Con A-binding neuronal surface glycoproteins 

from developing human brains. As part of the study the prenatal 

developmental changes in the Con A-binding glycoprote1ns were 

also investigated. 

In developing brain, the synthetic process 1s 

which resulted in the problems encountered 

incomplete, 

during the 

purification and characterization of the glycoproteins. Dur1ng 
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the isolation· of neurons, the conventional trypsinisation of 

brain tissue could not be employed due to the extensive lys1s of 

cells. The intercellular cementing substances might not have 

fully formed in the developing brain, which resulted in the lysis 

of the cells. The preparation of pure plasma membrane fract1ons 

could not be monitored due to the absence of conventional plasma 

membrane markers. In developing brain the synthetic pathway for 

the marker enzymes might be incomplete. The processinc of 

asparagine-linked oligosaccharide chains of glycoproteins lS a 

post translational process which takes place in the Gclg1 

complex. According to the earlier reports most of the N­

glycosidically l1nked carbohydrate units 1n nervous t1ssue 

glycoproteins were of the complex type(l89). However the h1gher 

affinity of Con A for the neuronal glycoprote1ns as compare~ to 

RCA indicated a predominant number of high mannose carbohydrate 

cha1ns with less number of complex type oligosacchar1de cha:ns. 

Dtiring ~he post translational glycosylation of prot~ins, the ~1gh 

mannose oligosaccharide chains are formed first followed by t~e1r 

modification to complex type carbohydrate chains in the g:lgi 

complex. The incomplete synthetic pathway in developing bcaln 

would explain the predominance of high mannose oligosacchar1de 

chains 1n the neuronal glycoproteins. The above ment1sned 

observations reflected the developing stage of the brain t1ssue 

used in the present study. 
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The isolated gly~opioteiris wer~ hydrophobic in nature ~hich 

added to the difficulties encountered in their isolation and 

characterization studies. The glycoproteins were insoluble in 

ordinary aqueous buffers and required detergents for their 

solubilization. The hydrophobicity of neuronal glycoproteins was 

further demonstrated on SDS-PAGE. In general the problems 

encountered during SDS-PAGE of hydrophobic membrane proteins 

included: (a) the accumulation of silver- or coomassie blue-

. stainable material at the sample wells, (b) extensive streak~ng 

of stainable material occurring throughout most of the gel lanes 

and (c) the ~nability to detect much stainable material 1n the 

gels that were substantially overloaded. All these problems were 

encountered during the SDS-PAGE of neuronal glycoprote~ns. 

Deglycosylation by TFMS treatment caused an apparent 1ncrease 1n 

the molecular weight on SDS-PAGE due to aggregation. An ~ncrease 

in hydrophobicity due to the removal of hydrophilic carbohydrate 

chains would explain the enhanced aggregation of neuronal 

glycoproteins following TFMS treatment. The removal of Triton X-

100 from the Con A-eluate by dilution with TBS pH 7.4 and 

ultrafiltration resulted 1n the precipitation of neuronal 

glycoproteins even at concentrations of 0.25mg/ml. The 

hydrophobic membrane proteins are associated with a phosphol1pid 

bilayer and in general tend to form insoluble aggregates ln 

aqueous media when they are removed from the hydrophobic med1a. 

The hydrophobicity of membrane proteins could be due to their 
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higher content 6£ hydrophobic am-ino acids and their hydrophobic 

tertiary structural domains. 

The neuronal glycoproteins appeared to have an inherent 

capacity to form micellae. This was evident from a number of 

observations during the study. Carbohydrate and sialic acid 

estimations before and after delipidation of the total Con A 

eluate indicated the presence of glycolipids in the 25'C eluted 

preparation J Table 5]. At the higher temperature of elution there 

was also an increase in the percentage of contaminant Con A in 

the prepar~tion. The temperature dependant contamination of Con 

A and glycolipids in Con A eluate could be explained on the basis 

of the inherent capac1ty of neuronal glycoproteins to form 

micellae. 

The neuronal plasma membrane proteins be1ng hydrophobic were 

not sufficiently soluble in ordinary aqueous buffers and required 

Triton X-100 for solubilization. During Con A-Sepharose .. 
chromatography the hydrophobic neuronal proteins might have 

enhan6ed the interaction of Triton X-100 with Con A subunits. 

Moreover prev1ous reports indicated the occurrence of possible 

hydrophobic interactions between lectins immobilized on 

CNBr-activated Sepharose and detergent solubilized 

glycoproteins (52). The surface hydrophobic patches of Con A 

molecules might have further facilitated this interaction. Dur1ng 

the p~ocess of chromatography the neuronal glycoproteins could be 

forming mixed micellae with Triton X-100, associated lipids and 
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~the~'Coi'l~'A '"subunits. ~t>Ts probable that the SOOmM a_,MG elut~iori 

could be resulting in eluting these mixed micellae rather than 

only the neuronal Con A-binding glycoproteins. The mixed micellae 

formation could explain the presence of Con A and associated 

glycolipids in the Con A eluate. The formation of mixed micellae 

might be a dynamic equilibrium process, in direct proportion to 

the temperature at which the washing and elution were carried 

out. The washing a_nd elution at 25'C instead of 4'C must have 

enhanced the mixed micellae formation which explained the 

presence of higher amounts of Con A and associated glycolipids in 

the Con A eluate when chromatography was carried out at the 

higherc,temperature. The presence of Triton X-100 might have 

further enhanced the formation of mixed micellae. Polyacrylamide 

gel electrophoresis ~n presence of Triton X-100 of proteins 

derived from membranes directly solubilized in the same detergent 

showed protein bands of extremely high molecular weight which may 

be due to the formation of heterogenous mice1lae(182). 

Glycophorin has been reported to undergo aggregation in neutral 

aqueous solutions, even 1n the presence of 6M guanidine 

hydrochloride(182>. The self micellae formation qf neuronal 

glycoproteins could explain the Con A leaching observed even 

during the chromatography of delipidated proteins in the absence 

of detergents. 

abnormal leaching of Con A observed during the 

, ,,,,,,''"·",chromatography of neuronal proteins in presence and absence of 
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Triton X-100 is not an universal phenomenon. When the same Con A-

Sepharose was used for the purification of glycoproteins from 

. other sources the extensive Con A leaching was not observed. The 

process can be attributed to the amphipathic nature of neuronal 

glycoproteins, which enables them to form self micellae or mixed 

micellae. 

The anomalous SDS-PAGE behaviour of neuronal glycoproteins 

could also be explained on the basis of their tendency to form 

mixed micellae with SDS. The heterogenous mixed micellae 

formation could be a concentration dependant dynamic equilibrium 

process which explained the phenomenon of one protein band giving 

rise to the other bands on SDS-PAGE. The micellae formation of 

the glycoproteins was further manifested by gel filtration on 

Sepharose 68. The gel filtered peak I might represent a micellar 

aggregate formed from a low molecular weight protein represented 

by peak II protein. Sephadex G75 chromatography confirmed the low 

molecular weight for the peak II protein. Urea-polyacrylamide 

gel electrophoresis further substantiated the tendency of the 

glycoproteins to form micellae. Heterogenous micellar aggregates 

formed from a low molecular weight protein (Gel filtered peak II) 

might represent the 4 bands on Acid-Urea-PAGE. The acetic 

anhydride labelling might have destabilized the micellae 

formation, leading to its total dissociation into monomers in the 

presence ~f urea, represented by the fast moving Urea-PAGE band 

of the gel filtered peaks. Urea alone might be insufficient in 



~he complete dissociation of the prote1n micellae· to 

r:onomers. The incomplete dissociation was manifested by the 

£ormation of heterogenous smaller micellae represented by the 4 

~ands on urea-PAGE. 

The micellae formation could be attributed to the 

:;.mph1.pathic nature of protein molecules. The presence of a 

:-:ydrophobic domain separated from another hydrophilic region, 

~ogether forming a bipolar configuration is essential for the 

£onnation of an amphipathic molecule. Integral membrane 

~lycoproteins are potential candidates that fulfill this 

structural requirement. In the integral membrane glycoproteins, 

c-arbohydrate units are often clustered near one end of the 

r:olecule, and this hydrophilic portion is exposed on the external 

s1de of the plasma membrane. The asymmetric distribution of 

=arbohydrate chains in the membrane glycoproteins might 

::ontribute to the bipolar configuratiOn required for an 

~ .3.mphipathic molecule. The blocked N-terminal for the neuronal 

~lycoproteins could be due to the clustering of carbohydrate 

::hains at that end. Acetic anhydride labelling of the neuronal 

;lycoproteins might have diminished the number of positive 

::harges present in the protein molecule essential for the 

~icellae formation in presence of urea. The presence of 

ietergents like Triton X-100 1n the medium might enhance the 

2rotein micellae formation. There was an enhanced ~on~A leaching 

·.,;hen the Con A-Sepharose chromatography was carried· out in 
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presence of Triton X-100 as co.Jtpared to its absence. The presenc-e 

of Triton X-100 might have enhanced the mixed mi6ellae formation 

resulting in the increased Con A leaching. 

The inherent capacity of neuronal glycoproteins to form 

micellae explained many of their physicochemical properties. The 

glycoproteins were resistant to proteolytic digestion by trypsin 

and pronase. They were not susceptible to total deglycosylation 

by TFMS and periodate oxidation under the experimental 

conditions. Soybean agglutinin and peanut agglutinin could not 

detect the limited number of oligosaccharide chains present in 

the glycoproteins. The above observations could be attributed to 

the tendency of neuronal glycoproteins to form micellae making 

the oligosacchar1de chains less accessible to the reagents. One 

of the causes for the low immunogenicity of neuronal 

glycoproteins could be their tendency to form self micellae 

preventing the accessibility of antigenic determinants to the 

immune system. 

The same protocol of physicochemical studies were carried 

out for the neuronal glycoproteins from second tr1mester and full 

term fetal brains. Based on the limited number of physicochemical 

studies carried out with the available technology, no structural 

differences were detected in the glycoproteins during the 

prenat~l developnent. Carbohydrate and sialic acid contents of 

the glycoproteins were in the same range. Determination of 

weights on SDS-PAGE gave similar results. Sepharose 68 
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--- .chrom~tdgraphy resolved both sets of glycoproteins·i~t~--t~o: peaks 

with similar elution volumes. Reverse phase HPLC retention times 
I l 

! -.· 
were same for the glycoproteins. Both sets of glycoproteins 

exhibited resistance for proteolytic digestion with pronase and 

trypsin. The N-terminal of the glycoproteins were blocked in 

either case. Differential lectin binding studies did not reveal 

any prenatal structural changes in their oligosaccharide chains. 

However by- the combinatd.on of more sensitive teghnology and 

monoclonal antibody methods, it may be possible to elucidate the 

structural change• during brain development~ 

One of the important observations in the present study was 

an indication for the probable presence of a~linked galactose 

residues in human brain. The higher affinity of JSA as compared 

to RCA and the strong interaction of JSA as compared to the 

almost negative interaction with SBA and PNA suggested the 

probable location of the a-galactose residues in carbohydrate 

chains. Considering the immunological privilege of brain, the 

presence of a-galactose· residues in human brain cannot be 

considered as a remote possibility. 



SUMMARY 



SUMMARY 

The present study was undertaken in an attempt ta cntain 

information on the concanavalin A-binding neuronal cell su~facc 

glycoproteins of developing human brains. The study was expected 

to 1mprove our knowledge about nervous system func~ion, 

development and oncology. The isolation of neurons w~s an 

adaptation of previous procedures involving mechanical d~sruption 

of tissue by sieving followed by discontinuous sucrose density 

gradient centrifugation. Almost pure and morphologically 1ntact 

neurons could be isolated by the two methods descr:bed. 

Fluoresceine isothiocyanate-concanavalin A binding of the :ntact 

neurons indicated the presence of Con A-bindlng SL.~face 

glycoproteins. 

The concept of pure plasma membrane preparat1o~ was 

abandoned due to the absence of detectable plasma mer.nrane 

markers. Instead a plasma membrane enriched fraction was pr~?ared 

by lysing the cells with 1UmM EDTA and centrifugation a~ BLUOg X 

10 min. Glycoproteins were isolated by affinity chromatograFhY on 

Con A-Sepharose 48. Initial procedures with whole cell or Flasma 

membrane enriched preparations, with or withou::. 

delipidation, in the presence or absence of detergents li~~ SDS 

-or triton X-100, resulted in extensive leaching of lectin from 

the affinity matrix. The Con A leaching was min1~is~d by 

pretreatment of Con A~sepharose with 8M urea. The western blot 
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· buffer 25mM Tris-700mM glycine pH 7. 8 enabled an improved 

extraction of neuronal proteins. 

The glycoproteins contained 180.±.60pg carbohydrate i mg 

protein. Sialic acid content of the glycoprote.ins was in the 

range of 35~5nmoles I mg protein. The glycoproteins eluted from 

Con A-Sepharose column contaminated with noncovalently assoc1ated 

glycolipids. Majority of the glycolipids were non-sialylated with 

a minor ganglioside component~ The association of glycolip1ds is 

an additional evidence for the fact that neuronal glycoproteins 

were from the cell surface. 

The amounts of glycolipids and Con A in the Con A eluate was 

more when the elution was carried out at 25'C as compared to 4'C 

elution. Temperature dependent mixed micellae formation between 

the glycoproteins, Con A and glycolipids might account for the 

higher amounts of Con A and glycolipids present in the Con A 

eluate obtained at 25'C. 

Sodium dodecyl sulfate-polyacrylamide gel electrophores1s 

indicated the presence of 3 major groups of diffuse bands of 

molecular weights 65-72KDa; 52-63KDa; and 43-48KDa respectively. 

Each group of bands upon reelectrophoresis gave rise to all the 

3 groups of bands of the original sample. The SDS-PAGE multiple 

band pattern may be accounted for by an additive effect of 

anomalous SDS binding, protein aggregation, heterogenous mixed 

micellae formation and microheterogeneity. 
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Chemical deglycosyl~tion and- deacylation did not alter the 

multiple band pattern on SDS-PAGE. The trifluoromethanesulfonic 

acid treatment caused an increase in the apparent molecular 

weights. Acid-urea-PAGE revealed 4 bands for the glycoprote1ns. 

They did not migrate in alkaline-urea-PAGE at pH 8.6, indicating 

an absence or a lower percentage of acidic amino acids. The 

glycoproteins did not contain ester linked fatty acids and GPI­

anchor. The N-terminal of the g1ycoproteins were blocked. 

The glycoproteins interacted with Con A, WGA, RCA, JSA and 

pea lectin and were inhibited by their respective hapten sugars. 

The various SDS-PAGE bands were not differentiated by Con A, RCA 

and WGA as evident from lectin affinoblotting. High mannose, 

hybrid and biantennary complex type oligosaccharide chains were 

present in the glycoproteins. The higher affinity of Con A as 

compared to RCA indicated predominant number of high mannose 

sugar chains over .the complex type oligosaccharide chains. The 

higher affinity of JSA and AHA as compared to RCA indicated the 

prqbable presence of «-galactose residues in the neuronal 

glycoproteins. The positive interaction with JSA demonstrated the 

presence of 0-glycosidically linked oligosaccharide. chains. 

However ~he almost negative interaction of SBA and PNA with the 

glycoproteins indicated a limited number of a-linked carbohydrate 

chains. The probable presence of. a-galactose residues in the 

carbohydrate chains would further explain the strong interaction 

of JSA with the glycoproteins as compared to SBA and PNA. The 
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glycoproteins were not susceptible to totaf deglycosylat.ion·J;>y 

TFMS and periodate oxidation under the exp~rimental conditions. 

The presence of fucose was demonstrated by pea lectin binding. 

Desialylation diminished the binding of serotonin and WGA whereas 

the galactose binding lectins (RCA, JSA and AHA) did not exhibit 

enhanced binding. Nitrous acid deamination did not produce 

sufficient change in the lectin binding indicating the 

glucosamine residues in the neuronal glycoproteins were all N-· 

acetylated. 

Gel filtration on Sepharose 6B resolved the tritiated 

glycoproteins into two peaks which exhibited similar elution 

pattern upon rechromatography. On SDS-PAGE both gel filtered 

peaks revealed the same multiple band pattern as that of the 

original sample. On acid-urea-PAGE, both the gelfiltration peaks 

produced a single fast moving band of equal mobility. Mobility of 

this Urea-PAGE band was higher than that of the native Con A­

binding glycoprotein bands. The second gel filtration peak may 

represent monomers of Peak I protein. Another possibility 1s the 

formation of a protein micellar aggregate represented by peak I 

formed from a low molecular weight protein represented by peak 

II. Heterogenous micellar aggregates formed from the low 

molecular ~eight protein might represent the 4 bands on urea­

PAGE. Acetic anhydride labelling might have destabilized the 

micellae formation, leading to its total dissociation into 
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mpnomers in th~ pre.sence of _urea,_ represented by· the fast moviQg- · 

Urea-PAGE bandof the gel filter~d peaks. 

In reversed phase HPLC, the gel filtered peaks migrated with 

different retention. times, whereas the total Con A eluate 

migrated as a· single broad peak. The glycoproteins were not 

susceptible to proteolytic digestion by trypsin and pronase. 

Attempts to raise antibodies against intact second trimester 

neurons and glycoproteins in rabbit and guinea pigs were 

unsuccessful. 

Based on the limited number of physicochemical studies 

carried out with the available technology, no structural 

differences were detected between the neuronal glycoproteins of 

second trimester and full term human fetal brains. In conclusion 

the neuronal glycoproteins appear to have an inherent capacity to 

form micellae which explained many of their physicochemical 

properties. 
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.lNTRQDUCTION: 

The central nervous system displays complex cell sociology. 

Surface glycoproteins of brain cells play an important role in 

the brain t~ssue architecture. Differences in the surface 

glycoconjugates have been demonstrated between different neuron 

types(18). Neurons depend on plasma membrane glycoproteins for 

circuitry formation and other intracellular connections. Many 

neurotransmitter receptors, like a-adrenergic, and those for 

dopamine and muscarinic acetylcholine are glycoproteins (25), 

(26),(14). The significance of membrane glycoproteins have been 

implicated in receptor-ligand interactions, neuronal recognition 

as well as in intercellular communications.The molecular 

mechanisms underlying these phenomena remain largely obscure. 

Neoplastic cell surface glycoproteins showed aberrant 

glycosylation. One of the most constantly observed alternations 

following neoplasmic transformation is a shift towards the 

synthesis and expression of larger asparagine-linked oligo­

saccharide chains(22). Terminal sialylation of cell surface 

glycoconjugates has been correlated with increased metastatic 

potential in a number of murine tumor cell models (30).Although 

the reexpression of embryonic carbohydrate structures by tumor 

cells may simply reflect the expression of earlier genetic 

programs,it is also possible that certain structures that are 

involved in embryonic cell-cell interactions may enhance the 

malignancy potential of tumor cells. 
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Development of nervous system 1s one of the most complex 

examples of morphogenesis. It involves both the formation of 

intricate tissue structures and their precise interconnection. 

There are three main sources of variability in neural networks 

during development: somatic developmental sequence of network 

formation and neuroanatomy, the chemical variation related to 

neurotransmitters and the electrical variation. Morphological 

changes in the human central nervous system are accompanied by 

specific changes at the molecular level. Among the many factors 

which guide the axons of embryonic neurons to their proper 

destinations, neuronal cell surfaces may be an important source 

of information. There is substantial evidence that cell surface 

glycoproteins play pivotal roles in the cell to cell adhesion 

during neural development. The role of oligosaccharide side 

chains in brain development is emphasized by t_:.he facts that 

N-glycosylation 1s critical for neuronal differentiation(l2>. 

Mammal ian brain 1s rich in N-1 inked ol igosaccharides which 

comprise about 80-90% of the glycoprotein-bound carbohydrates 

(15). Increases in activities in the N-glycosylation pathway 

have been demonstrated during active myelination(lll, synapto­

genesisC13l, and glial differentiation(!). Cell surface carbohy­

drates undergo remarkable alterations during differentiation and 

development (7J. Appearance of novel glycoproteins during the 

process of neural development has been demonstrated with lectin 

binding(l7l.In the last few years several neural cell surface 
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glycoproteins have been identified which appear to be involved in 

adhesive interaction between neurons, glial cells and matrices. 

These cell surface glycoproteins have been postulated to 

coordinate the morphogenetic steps: neural induction, cell 

proliferation, migration, aggregation, cytodifferentiation, 

synapse formation, cell death and synapse el iminat.ion, all of 

these together constitute the neural development. Edelman and 

coworkers have isolated and characterized a neural cell adhesion 

molecule (N-CAM) from chicken retina cells(29). N-CAM analogues 

have been found in mouse, rat and human prenatal brains. An adult 

form of N-CAM contains less sialic acid and it has been suggested 

that the sialic acid content of N-CAM influences the adhesiveness 

of the molecule. Myelin glycoproteins of mouse brain control 

myelination by regulating the contact between oligodendrocytes 

and axon( 3). Another cell adhesion molecu'le Ng-CAI'-1 has been 

reported from the neuronal cells of chick embryo(9) .A monoclonal 

antibody was employed to detect human Thy-1 on the membranes of 

some neuronal cell bodies and their processes(2). Rathjen et al 

showed the presence of chick neural cell surface molecules(20) 

related to Ll antigen, a mouse neural glycoprotein implicated in 

cell-cell adhesion (23). 

It is evident from the above discussions that most of the 

informations about neural cell surfilce qlycoproteins wen' 

obtained from rat, mouse and chicken. The information related to 

neural surface glycoproteins of developing human brain is 
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lacking. Cell adhesion during the process of neural development 

is a multistep process, and the stabilization of tissue form may 

require further components in addition to the presently known 

neuronal cell surface glycoproteins. The present study was 

undertaken in an attempt to obtain information on the 

concanavalin A (Con A) -binding neuronal cell surface glyco­

proteins of developing human brain. In order to obtain this 

information the following parameters were carried out. 

(1) Isolation and characterization of neurons and the major 

neuronal cell surface Con A-binding glycoproteins of developing 

human brains. 

(2) Physicochemical characterization of the Con A-binding 

neuronal cell surface glycoproteins. 

(3) Comparative study of the major neuronal cell surface 

glycoproteins from second trimester and full term fetuses. 

(4) Immunogenicity of the Con A-binding glycoproteins. 

Developin~ human fetal specimens were obtained from 

Department of Obstetrics and Gynaecology, Medical College, 

Trivandrum, after the medical termination of pregnancy. Utilis­

ation of the tissues for the present study was permitted by 

Ethics Con@ittee of the Trivandrum Medical College. The brains 

were stored at -2o•c 1n a cryopreservative medium (10 mM 

phosphate buffer pH 6.0, 8% dextrose, 5% fructose, 20%(v/v) 

dimethyl sulfoxide, O.lmN phenyl methane sulfonyl fluoride, 15mH 

NaN 1 ). The fetuses collected for the present study were 



classified into two groups based on their crown to rump (CR) 

len~JLhs. The CH length of the first group ran9cd from 11-17 em 

and the corresponding age was found to be in the range of 14-20 

weeks (second trimester). For the second group of full term 

fetuses, CR length ranged from 30-33 em . 

RESULTS AND DISCUSSION: 

The isolation of neurons was a modification of the 

procedures of Poduslo & Norton(19) and Farooq & Norton(6). The 

mechanical disruption of the brain tissue was carried out in an 

isotonic medium by successively passing through 80 and 200 mesh 

nylon sieves in presence of 2-4% Ficoll 400. The cell suspension 

was treated with DNAase to degrade DNA released during the lysis 

of cells in the process. A discontinuous sucrose density gradient 

centrifugation consisting of 2M, 1.55M,1.35M and 0.9M sucrose was 

carried out at 3300 g X 15 m1n. The 2M interphase comprised of 

almost pure neurons which was collected. The 1. 35M and 1. SSM 

layers were pooled together, layered over 1. 65M sucrose and 

centrifuged at 3300 g X 45 min to obtain a neuron-rich pellet. 

A major modification of the above mentioned procedure made 

the isolation of neurons easier. The first step density gradient 
\ 

was avoided. The cell suspension was mixed with an equal volume 

of 2M sucrose. The diluted preparation was layered over 1.65M 

sucrose layer and centrifuged at 3300 g X 45 min to obtain a 

neuron-rich pellet. 
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Almost pure, morphological~y intact. neurons could bP 

isolated by the two methods. The yield of neurons from 16-20 week 

fetal tissues was 1-15% based on protein as determined by 

Bradford's method(4). The yield of neurons decreased as the age 

of the fetus .increased. In the p~esent method, tissue disruption 

was carried out by mechanical sieving alone and the conventional 

tryps~nization process was avoided because of the extensive lysis 

of fetal brain cells. 

The isolated neurons could be labelled with Con A-FITC 

indicating thEf presence of Con A-binding glycoproteins ( 28). 

However attempts made to label the neuronal cell surface 

glycoproteins by periodate-NaB1H, and by galactose oxidase~NaB1 H, 

methods were not successful. 

The isolation of neuronal cell surface glycoproteins 
. ,J.' . 

required the extraction of neuJJ1Pflt proteins in a suitable form 

compatible for Con A-Seph~r~a¢ 4B chromatography. For the 

solubilization of neuronal 

and SDS were employed. 

protf:i~na,two detergents ;Triton X-100 
·!r .·J t~·, H.,, 

Delipidated neuronal proteins were 

solubilized in SDS as described by Gombos(Jl) resulting in 

75-80% of the prot~ins in solution. The protein solution 

contained 3-4.5% bound carbohydrate as measured by phenol 

sulfuric acid method. the SDS solubilized neuronal proteins we~e , 

subjected to Con A-Sepharose chromatography after bringing down 

the SDS concentration to 0.04% by dialysis against 20mM Tris-HCl 

pH 7.0. The 500mM methyl a-D glucopyranoside(a-MG) eluate on 
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SDS-PAGE revealed Con A as major component. Extraction of intact 

neurons with 1% Triton X-100 also resulted in leaching of Con A 

during the O.SM a-MG elut~on. This problem of Con A leaching was 

minimized when affinity chromatography was carried out in the 

absence of detergents. Delipidated neuronal proteins were 

subjected to sonication <15 microns for 2 mini. Con A-Sepharose 

chromatography revealed a poor yield of glycoproteins, which may 

be due to the loss of covalently bound carbohydrates. When the 

intensity of sonication was reduced, it resulted in the poor 

extraction of neuronal proteins. This problem has been minimized 

with a western blot buffer: 25 mM Tris, 0.7M glycine pH 7.8 (271. 

A neuronal plasma membrane enriched preparation was homogenized 

in the western blot buffer by subjecting to very mild sonication. 

Con A chromatography after adjusting the pH of the homogenate to 

7.4, resulted in Con A leaching. 

The problem of Con A leaching was ultimately overcome by 

pretreating the Con A-Sepharose 4B with 8M urea. In the finalized 

procedure, a neuronal plasma membrane enriched fraction was first 

prepared by lysing the cells with aqueous solutions of lOmM EDTA, 

0.2% ~-mercaptoethanol 1n Potter-Elvehjm homogeniser. The 

homogenate was centrifuged at 8000 g X 10 min to obtain a plasma 

membrane enriched pellet. The pellet was then homogenized in 25mM 

Tris,0.7 M Glycine pH 7.8 with 1% Triton X-100, followed by mild 

sonication. The 150 g X 5 min supernatant was adjusted to pH 7.4 

and chromatographed on urea treated Con A-Sepharose 4B at 4'C. 
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The electro eluted SDS-PAGE protein bands as well as the 

neuronal glycoproteins eluted at 4'C, contained 180 .:!::. 60 }.lg 

carbohydrate I mg protein. The sialic acid content of the cold 

eluted glycoproteins were in the range of 35 + 5 nmoles I mg 

protein. 

The neuronal glycoproteins eluted from Con A-Sepharose 

column were. contaminated with noncovalently associated 

glycol ipids. The 1 ipid extract was positive for carbohydrate. Thin 

layer chromatography of the lipid extract in solvent system, n-

propanol:water ( 7: 3) further confirmed the presence of 

glycolipids. The amount of glycolipids was more when the elution 

was carried out at 25'C than at 4•c. The association of 

glycolipids 1s an additional evidence for the fact that the 

neuronal glycoproteins are from the cell surface. 

SDS-PAGE of neuronal glycqproteins in .8% or 10% gels and 

3-12% linear gradient gels indicated three major groups of 
l--; ', 

diffuse bands of molecular weights 65-72 KDa; 52-63 KDa; and 

43-48 KDa respectively. These groups of bands were cut and 

electroeluted. They were further subjected to electrophoresis 

under similar experimental conditions. Each grotlp of bands upon 

reelectrophoresis gave rise to all the 3 groups of bands of the 

original sample. The multiple band pattern of neuronal glyco-

proteins ora SDS-PAGE may be accounted for by an additive effect 

of anomalous SDS binding, protein aggregation, heterogenbus mixed 

protein-SDS micellae formation and microheterogeneity. Five 
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percent urea-PAGE at pH 4.2 in presence of 6M urea revealed 4 

bands for the neuronal glycoproteins(24). They did not migrate in 

alkaline-urea-PAGE at pH 8.6. 

The proba\ble contribution of g 1 ycoprote in mic rohetero­

geneity and the presence of covalently linked 

anomalous SDS-PAGE pattern was investigated. 

lipids 

The 

to the 

neuronal 

glycoproteins were subjected to chemical deglycosylation and 

deacy lation. Deglycosy lation by trif 1 uoromethanesulfonic acid 

(TFMS) treatment at O'C for 2 h ,desialylation by acid hydrolysis 

,and nitrous acid deamination caused an enhanced aggregation of 

neuronal glycoproteins resulting in a higher percentage of their 

retention at the bottom of SDS-PAGE sample wells. In addition, 

the TFMS treatment caused an increase in the average molecular 

weights of neuronal glycoproteins on SDS-PAGE. However these 

chemical modifications did not q}Jange the multiple band pattern 

of neuronal glycoproteins on SDS-PAGE. 

The protein pattern on SDS-PAGE remained unchanged after 

deacylation with methanolic KOH and hydroxylamine treatments 

(21). The nitrous acid deaminated samples indicated the absence 

of glycosyl phosphatidyl inositol membrane anchor in neuronal 

glycoproteins. The glycoproteins did not contain ester linked 

fatty acids. 

N-terminal analysis of the total Con A eluate as well as the 

indi v idua 1 SDS- PAGE protein bands by Dansy 1 ,Edman procedure ( 8) , 
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(16) and DABITC-PITC method of Chang et al(5), revealed a blocked 

N-terminal. 

The neuronal glycoproteins separated on 8% SDS-PAGE were 

electrophoretically transferred to nitrocellulose for lectin 

affinoblotting. Horse radish peroxidase CHRP)-conjugated Con A, 

wheat germ agglutinin (WGA) and Ricinus communis agglutinin (RCA) 
I 

stained all the bands of glycoproteins. 

Differential lectin binding studies were carried out after 

chemically modifying the neuronal glycoproteins. Dot-enzyme 

linked lectin assay was performed with HRP-conjugates of Con A, 

WGA, RCA, jack fruit· :seed agglutinin (JSA), Artocarpus hirsuta 

agglutinin (AHA), soybean agglutinin (SBA), peanut agglutinin 

( PNA) and pea lectin All the lectins except SBA and PNA 

interacted with the neuronal glycoproteins and were inhibited by 

their respective hapten sugarsJiwhen compared to the complete 

. inhibition of Con A binding Wi):11S~OmM Cl-MG, inhibition by 15mM 

a-MG was partial, indicating th~ presence of both high mannose 

and hybrid type oligosaccharide1thains. The affinity of JSA and 
,~ r .:1 

AHA for the neuronal glycoproteins was higher compared to RCA. 

This could be explained by the differential anomeric 

specification of these galactose binding lectins or by steric 

hindrance of the large RCA molecule for galactose residues. This 

was further demonstrated by the total absence of RCA binding to 

neuronal glycoproteins after periodate oxidation and TFMS 

treatments. Deglycosylation with T~MS at 25•c for 3h was 
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incomplet:e as indicated by the residual binding of Con A , WGA, 

JSA and AHA. Periodate oxidation (10mM) at pH 3.5 for 24 hat 4'C 

did not completely modify the oligosaccharide side chains. The 

lect~nb~nd~ng was not significantly altered by deamination. The 

presence of fucose was demonstrated by pea lectin binding. In 

add~tion to the lectins , HRP-serotonin conjugate also interacted 

.with the neuronal. glycoproteins. Desialylation by acid hydrolysis .. 
~iminished ~the hinding of serotonin and WGA, whereas the 

galactose binding lectins (RCA,JSA and AHA) did not exhibLt 

.enhanced Neuraminiqase treatment of neuronal 

glycoproteins also resulted in decreased binding to WGA and 

serotonin(10)• 

The ge/1 filtration of neuro~a:~ 'glycoproteins was carried out 
·iti····:.~t T·j:..! ~.r·· 

on Sepharose 6B <lOOcm·X L.4cm) equilibrated with 25mM Tris,0.7M 

glycine pH 7.8. Glycoproteins labelled with 
I , 

('H) -ace,tic 

anhydride,when chromatographed resolved into two peaks. Thefirst 

peak appeared' at the void volume , but the second peak appeai;ed at 

the end of total bed volume. The peaks w~re positive for lectin 

binding • Each of the gel filtration peaks upon rechroma.tography 

under simila·r <;::onditions exhibi~~d· identical elution pattern. ,The 

proteins remained· in soluble supernatant when centrifuged at 
\ 

100,000 g X 6a min. Both gel filtration peak~ on 8% SDS-PAGE gave 

the same multiple band pattern as that of the original sampl,e. · 

On acid-urea-PAGE both gel filtration peaks,gave a single fast 

moving band of equal mobility. Mobility of this urea-PAGE b~o~ 
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was higher than that of ,the native' Con A-binding glycoprotein 

bands. The second gel filtration peak may probably represent the 
' 

monomers of peak I protein. Treatment with urea may be 

insufficient ip dissociating the native neuronal glycoprotein to 

its monomers. This could be due to the formatlon of heterogenous 

micellar aggregates represented by . the 4 bands on urea-PAGE. 

Acetic anhydride labelling might have destabilized the formation 

of protein micellae, leading to its dissociation into_monomers in 

urea. This would explain the higher mobility of acetic anhydride 

labelled proteins on urea-PAGE as compared to the native 

glycoprotein. 

Phase partitioning of ('H) -acetic anhydride labelled 

neuronal glycoproteins with chloroform:methanol:water (2:1:0.6) 

resulted in the recovery of 87% radioactivity 1n the lower 

organic phase. The upper and 1;1 lower phases were negative· for 
}~;:' i i ~;: : 

lectin binding whereas the ~~~'trphase was positive. Acetic 
)!~$!,$~~.:~!t J 

anhydride can form hydrophobi~ ; i 1nteractions with t,he neuronal 
,j, !< ; 
·1~ : ; ' . < 

glycoproteins. !! JJH' ': 
},.· .. , .· 

The above labelled glycopr,9te~n as well as the gel filtered 

peaks were chromatographed on 8~LC with Lichrosorb RP-8 column. 

HPLC gradients were formed from Solvent A (Water, 0.1% TFA) and 

Solvent a· (Isopropanol,O.l% TFA).In gradient I (60% solvent Bat 

40 min)jthe total Con A eluate migrated as a single broad peak 

with a retention time of 54 min. The ,gel filtered peaks eluted 

out of the column as single peaks with retention times of 58 min 
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for peak I and 47 min for peak II. Dansy~ated and carboxy-

methylated glycoprotein migrated as a broad peak in gradient I 

with a retention time o£ 61 min • In gradient II (60 % solvent B 

at 65 min), the ('H)-labelled neurona.l glycoprote.in moved as a 
single broad peak with retention time of 71 min • The neuronal 

glycoproteins were not susceptible to proteolytic digestion with 

trypsin and pronase. 

Attempts to raise antj,bodies against intact second 

trimester neurons in'rabbit and guinea pigs were unsuccessful. In 

another attempt second trimesterneuronal glycoproteins resolved 
-~~~--··-~""~~~--"-""'·-~---·-··· 

on 10% SDS-PAGE, was used for immunizing rabbits along with the 

homogenized ·gel pieces. There was no antibo\ly production. The 

lack of antibody production could be due to the low 

immunogenici.ty of neuronal glycoproteins. 

Based on the limited n~~~~lr of physicochemical studies 
:'· < ,, • : 1 j:~F! ill • 

carried out with the avait'lihle, .. ·technology, no structural 

differences were detedf~d betJ~'Jij!: the neuronal glycoproteins of 
:.f;t;~': :' ;;~t;;·:··::~~ !' . . ;· . J 4 

second trimester and full fetal brains. 
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