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A purified or crude (P2) membrane fraction was isolated using the 
techniques of step sucrose gradient centrifugation and differential 
centrifugation respectlvely, to produce immunological probes with a 
specificlty for goldflsh brain membranes, These fractions were used as 
immunogens and inJected Into BALB/c mice accordmg to 2 immunization 
schedules, The two groups of antlsera obtained (anti-membrane and anti­
P2) were analyzed through immunoblotting procedures. These 2 antisera 
both attach to a very large number of goldfish bram protems as observed 
using this method. Nevertheless, both ant,ser:;} share distinct reactlvities in 
common against protems wlth a molecular weight of 99Kd, 72Kd, 41 Kd and 
36Kd. Thus, these protems might be highly Immunogenic, compared to the 
ensemble of goldfish brain protoins present in the membrane fraction. In 
one series of experiments, many antibodies present in the anti-membrane 
and anti-P2 antisera have been affinity-purified by blot-elution and then 
analyzed with the immunoblottmg technique. In the case of the anti­
membrane antiserum, ail of the affmity-purified antisera cross-reacted with a 
protein of 84Kd. A simllar result was obtained wlth the anti-P2 antiserum, 
but this time ail of the purifled antibodles cross-reacted with a 72Kd protein 
which is common to the brain, skeletal muscles and viscera of the goldfish. 
P41 (an antibody purified for its affinity to a 41 Kd protein) was 
immunohistochemicallyanalyzed. The results obtained trom the tissue and 
cellular distribution of the recognized antigens, suggest a general 
association with the cellular surface and the extracellular matrix. In a 
second series of experiments, the anti-P2 antiserum was consecutively 
absorbed with paraformaldehyde-fixed tissue sections of goldfish viscera 
and skeletal muscle. This "absorbed antiserum" was analyzed 
immunohistochemically and 1 was able to observe that in spite of the fact that 
the anti-P2 antiserum (in its native form). binds antigens with a widespread 
distribution in ail tissues tested, the residual antibodies contained in the 
"absorbed antiserum" recognize preferentially the tectal pyramidal cells and 
the cerebellar Purkinje cells in the goldfish bram. 
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Des fractions membranaires purifiées ou brutes (P2) , onY été isolées en 
utilisant respectivement, les techniques de centrifugation dans un gradient 
non-linéaire de sucrose et de centrifugation différentielle , dam~ le but de 
produire des sondes immunologiques ayant une spécificité pour les 
membranes du cerveau du poisson rouge. Ces fractions ont étù utilisées en 
tant qU'Immunogènes et Injectées dans des souris BALB/c selor deux 
schédules d'immunisation. Les deux groupes d'antisérums obtenus (à 
savoir, anti-membranalre et anti-P2j. ont été analysés à "aide de 
procédures d'immunoblotting. Ces deux antisérums s'attachent ch1i3cun à 
un très grand nombre de protéines du cerveau du poisson rouge, H.) 
qu'observé par cette méthode. NéanmOinS, les deux antisérums om des 
réactivitées distinctives en commun contre les protéines de poids 
moléculaire 99Kd, 72Kd, 41 Kd et 36Kd. Donc, ces protéines pourrait! nt ëtre 
d'une grande immunogénicité, par rapport à l'ensemble des protéines. des 
fractions membranaires du cerveau du poisson rouge. Dans le cadre o'une 
première série d'expérimentations, plusieurs des anticorps présents dans 
les antisérums anti-membranaire et anti-P2 ont été purifiés par leur affinité 
avec des protéines attachées au nitrocellulose (Western blot elution) et 
ensuite analysés à l'aide de la méthode d'immunoblottmg. Dans le cas de 
l'antisérum anti-membranaire, tous les anticorps ont contre-réagi avec une 
protéine de 84Kd. Un résultat similaire a été obtenu avec l'antisérum anti­
P2 mais cette fois-ci, tous les anticorps purifiés ont contre-réagi avec une 
protéine de 72Kd, qui est commune au cerveau, muscles squelettiques et 
viscères du poisson rouge. P41 (un anticorps purifié par son affinité à une 
protéine de 41 Kd) a été analysé immunohistochimiquement et les résultats 
obtenus quant à la distribution tissulaire et cellulaire de l'antigène reconnu 
par cet anticorps. suggèrent une association générale avec la surface 
cellulaire et la matrice extracellulaire. Lors d'une seconde série 
d'expérimentations, l'antisérum anti-P2 a été consécutivement absorbé avec 
des tranches de muscle squelettique et de viscères fixées avec du 
paraformaldéhyde. Cet "antisérum absorbé" a été analysé 
immunohistochimiquement et de cette manière, j'ai pu observer que, en 
dépit du fait que l'antisérum anti-P2 (dans sa forme originaire) s'attache à 
des antigènes ayant une distribution étendue dans tous les tissus testés, les 
anticorps résiduels contenus dans ''l'antisérum absorbé" reconnaissent 
d'une manière préférentielle les cellules pyramidales du tectum ainsi que 
les cellules de Purkinje du cervelet dans le cerveau du poisson rouge. 
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Much of neurobiology through the 20th century has been concerned wlth 

the description of neuronal diversity on the basis of anatomical. physiolo­

gical. pharmacological and developmental cnteria (Purves and Lichtman 

1985). The bram is an extraordmarily complex structure. This 15 reflected m 

the functional and anatomlcal diversity of its major composing units -

neurons and glla, in the vanety of cell classes of each of these units, and in 

the morphological complexlty of individual neuronal and glial cells. 

Consequently, neurobiologists have studied tl1e events occurring in the 

growing nervous system in order ta unravel cellular processes (such as cell 

division, cell recognition, adhesion, migration, synaptogenesis and finally 

differentiation and cell death) whlch lead to successful targeting of neurons 

during neurogenesis and regeneration. The arrangement of neurons in 3-

dimensional space, presumably dlrected by specifie molecules, i5 crucial in 

the nervous system where the connections between neurons provide the 

basis for the ordered development and functional integrity of the organ. The 

mechanisms underlying neurite outgrowth in development and regeneration 

are thought to depend in part upon the availability of cell surface molecules 

that promote recognition and cellular adhesion (Rakic 1982, Lindner et al. 

1983). Consequently, researchers have taken advantage of recent progress 

in immunotechnology and raised antibodies specifie for molecules which are 

closely associated wlth the cell membrane. This has led, on the one hand, 

ta the production of ce II-specifie markers which may allow cell-to-cell 

recognition during development; and on the other, ta the discovery of a 
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• variety of adhesion mo/ecu/es (Ede Iman 1983) which are involved in such 

avants as neural migration and axonal fasciculation and so are thought to 

play a key role ln orchestrating the development of the nervous system. 

ln view of the importance of understandmg the molecular basis of 

nervous system development and growth, the present thesls describes a 

project for which the startmg goal was to obtam immunological markers for 

cell surface molecules ln the goldflsh brain, ln the hope that these would 

recognize determmants potentlally mvolved in the process of regeneration. 

Consequently, 2 dlfferent Immunogens, namely a crude bram membrane 

fraction (P2), and a purifled bram membrane fraction were prepared using 

the techniques of dlfferentlal and step-sucrose gradient centrifugation 

respectively, and inJected into mice to produce polyclonal antisera. The 

results presented ln this thesis are concerned wlth the punfication of these 

polyclonal antisera using absorption and blot elutlon techniques, and also 

with partial charactenzatlon (using immunoblottmg and Immunohlsto­

chemistry techniques) of the antigens recognized by the purifled antibodies. 

The immunohistochemical results obtained demonstrate that after absor­

ption of one of the antisera with heterologous tissues, two types of cells, 

namely the tectal pyramidal cells and the Purkinje cells of the goldfish brain 

are speciflcally recognized by the absorbed antiserum. Also, an antibody 

(P41) eluted from a Western b/ot, recognized an antigen apparently 

associated with the extracellular matrix and cell membrane in goldfish 

nervous and non-nervous tissues. These resu/ts provlde a basis for future 

projects in the goldflsh, which are discussed together with a critical analysis 

of the methods used and a comparison of the results obtained with those 

given in the literature. 
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1 THE IMMUNOLOGICAL APPROACH 

One of the determining factors whieh allow one to raise specifie 

antibodies is the nature of the immunogen used. Although sorne very 

interesting antibodies have been raised against homogenates of hetero­

geneous tissue sueh as spinal eord (Hoekfield and McKay 1985, Hockfleld 

1987), eerebellum (Sehaehner et al. 1975, Lagenaur et al. 1980) and whole 

brain (MacPherson and Liakopoulou 1966, Sennett and Edelman 1968, 

Liakopoulou and Mac Pherson 1970, Schachner et al. 1976), wlthout a well­

defined immunogen, one faces difficulties in producing a reliable, minimaily 

cross-reacting immunological marker. Nevertheless, immunological tech­

niques have been used to isolate nervous-tissue-specifie antigens (for a 

review see Mirsky 1982) and, in this attempt, a multiplicity of immunogen 

types have been used, ranging from crude organ homogenate (see above) 

to homogeneous nervous tissue eell populations (Goldschneider and 

Moscona 1972, Seeds 1975, Stallcup and Cohn 1976. Srockes et al. 1977, 

Martin 1977, Poduslo et al. 1977, Mallet et al. 1979, Hirn et al. 1982). The 

utility of the immunological approaeh then relies upon the ability to produce 

rather pure reagents (antibody probes) out of heterogeneous starting 

mixtures (nervous tissue) and thus, to maximize the efficiency of this 

approaeh. it is important to enrich the component or fraction of interest in the 

antigen in the first place. 

The choice of the immunogen is, of course influenced by the degree of 

antibody specificity one wishes to obtain and by the purification steps one 

has the opportunity to employ once the polyclonal antlserum has been 

harvested. One of the favored purification procedures is absorption with 
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1 heterologous tissues. This depletes the antiserum of unwanted tissue cross­

reactivities and thus can allow isolation of nervous-system specifie anti­

bodies (MacPherson and Liakopoulou 1966, Liakopoulou and MacPherson 

1970, Goldschneider and Moscona 1972, Brockes et al. 1977). In addition, 

antisera may be absorbed with particular cell types, to obtain ce II-type 

specificity (Schachner et al. 1976, Stallcup and Cohn 1976, BiOckes et al. 

1977) or even with subcellular fractions, to obtain subcellular specificity 

(DeRobertis et al. 1968, Mallet et al. 1979). Another approach to purifying 

antisera is to elute antlbodles of interest either trom antigens present on 

cells in culture (Mallet et al. 1979) or trom antigens attached to nitrocellulose 

on immunoblots (Smith and Fisher 1984). Therefore, a more convenient 

application of the immunological approach can be made when the 

heterogeneity of the immune response generated against the available 

antigens is overcome by using antiserum punfication procedures such as 

the techniques of absorption and elution. 

Antiserum purification procedures can however be lengthy and deplete 

the stores of antibody available. Fortunately, most of the difficulties 

encountered due 10 heterogeneity of the immunological response and to the 

limited quantities of antibodies produced when raising polyclonal antisera 

(particularly in mice) can be overcome through the technique of monoclonal 

antibody production (Kahler and Milstein 1975). In this procedure, animais 

immunized with a particular antigen have their spleen cells (sites of antibody 

production) fused with myelorna cell lines in the presence of polyethylene 

glycol. The splenocyte/myeloma hybrids (hybridomas) are then serially 

diluted, cloned, and screened for the presence of the deslred antibody 

reactivity using various methods (Kahler and Milstein 1975). The 

mono specifie antibody produced in this manner can be replenished ad lib 

from these immortal celllines. This technique of monoclonal antibody 
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1 production has bsen successfully apphed to nervous system antigens 

(Eisenbarth et aL 1979, Lagenaur et al 1980, Hlrn et al. 1982, Barnstabla at 

al. 1983, Gondls et al. 1983. Grumet et al. 1984. Rathjen and Schachner 

1984, Hockfleld and McKay 1985, Williams et al 1985. Antonlcek et al. 

1987. Hocklleld 1987, RathJen et al 1987, Bler et al 1988) However, one 

advantage of polyclonal antlbodles {when monospeclflc, le recognlzmg only 

one protem} over monoclonal antlbodles is the greater aVldlty of Immune 

binding they show This 15 because, ln a polyclonal antlserum, many 

dlfferent antlbodles whlch may recogmze many dlHerent sites (epltopes) on 

a single protem are likely to be present This advantage becomes obvlous 

when, for eX3mple, a monoclonal antlbody may not recognlze a protem in Its 

denatured form (such IS the case when usmg immunoblotting techniques, 

whereby proterns are denatured ln SDS), because it only recognlzes an 

epitope in Its native 3-dlmenslonal conformation. In such a case, a 

polye/onal antlbody would have a greater posslbliity for bmdlng the protein 

in question because of its ability to recognize more than one epltope on the 

5ame protein. This phenomenon has often been observed and, in 5uch 

cases, the use of a polyclanal antibody was favored (Stallcup et al. 1983, 

Rathjen and Schachner 1984, Williams et al. 1985, Jacob et al. 1986, 

Antonlcek et al. 1987). Therefore. the decislon on the nature of the immuno­

logical probe used is based mamly on two cnte ria, namely, speclficlty 

(usually better wlth monoclonal antibodles) and avidlty (often better with 

polyclonal antibodles). 

ln conclusion, ln using the immunological approach, the successful 

generation of useful antlbodles can be hampered by the heterogeneity of the 

immune response when ralsing polyclonal antlsera. Ta minimize this 

problem, it is essential ta ennch the antigen of interest before immunization 

and/or to use purification methods once the polye/onal antlserum is 
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produced. For the characterization of nervous system proteins, monoclonal 

antibodies are favored because of their great specificity (therefore, no 

purification steps are needed) and their unlimited avallabllity. However, 

sometimes thelr low aVldity makes the use of polyclonal antibodies more 

relevant. A large body of discovenes in neurobiology have emanated from 

the immunological technology that has been developed, at an increasing 

pace. during the past 20 years. Therefore, ln the following, a critlcal 

comparison of different protocols for isolation of cell surface antibodies is 

focused on. 
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MEM6RAN, ISOLATION 

Investigations on the role of cell surface molecules in charactenzing 

cellular identlty were Inltlated after the dlscovery, ln 1963, by Kosclelak, that 

blood group antlgens could deftne the cell surface of red blood cells. 

Subsequently, the technique of Immunlzlng wlth cel! surface antlgens was 

used to study Ilver cell determtnants (see Perlm3nn et al 1964) and 

transplantation antigens (Kahan 1965, Kahan and Relsfleld 1967, Shlmada 

and Nathenson 1969, Smith et al. 1970, Yamane and Nathenson 1970). 

However, the flrst investigation about the serologie propertles of anttsera to 

cell surface determinants of the braln were those made by Shek and 

MacPherson (1971) who studled the immune response of rats to rat bratn 

membrane fractions Isolated usmg centnfugatlon techniques. They 

observed that low levels of antlbodl8s appeared ln the sera of rats tnjecled 

with the nuclear and mttochondnal1ractlons of rat bram while rats Injected 

with the microsomal (membrane) fractton produced the hlghest titers of 

antibodies. This original study showed then, that membrane preparations 

from the central nervous system can provtde excellent Immunogens. In 

taking advantage of that fact, the preparation of an ennched fraction trom 

crude central nervous system tissue using centnfugatlon techniques, has 

been widely employed by researchers tnvestlgating the presence of surface 

markers in the central nervous system (DeRobertis et al 1968, Mickey et al. 

1971, Shek and MacPherson 1971, Herschman et al. 1972, Bock et al. 

1974, Milstein et al 1979, Lagenaur et al 1980, Barnstable et al. 1983, 

Grumet et al. 1984, Rathjen and Schachner 1984, Williams et al. 1985, 

Antonicek et al. 1987). 
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• At the same time, other investigations have profited from the advents of 

immunotechnology by taktng advantage ot the tact that neurons are highly 

polanzed cells (owing to thelr subcellular compartmentallzatlon), and 

therefore, protem constltuents can become localized to very dlfferent 

subcellular components such as the synaptlc zone. Consequently, the 

techniques of dlfferentlal, sucrose gradient or tlcoll gradient centnfugation 

have been adapted by many anatomlsts and pharmacologlsts to Isolate the 

synaptlc end of neurons (synaptosome) for use as a relatlvely punfled 

immunogen (DeRobertls et al 1968, Herschman et al 1972, Bock et al. 

1974, Matthew et al 1982, Barnstable et al 1983, Williams et al 1985). In 

this technique, when synaptosomes denved from dlfferentlal centnfugatlon 

are subJected to osmotlc shock ln hypotonlc media, the synaptlc membrane 

fraction can be collected ln a relatlvely ennched form after gradient centrifu­

gation while the mltochondna resist the osmotlc Iysis (Mickey et al. 1971, 

Jones and Matus 1974) For example, DeRobertls et al (1968) have ralsed 

rabblt antlsera agalnst synaptosomal membranes isolated (by Isopycnlc 

centrifugation) from the cat cerebral cortex They observed that. although 

several subfractlons trom the bram (myelln, synaptosomal membranes and 

mitochondria) had common antlgens, the speclflclty of the antlsera for 

synaptlc membranes, could be Improved by absorption wlth mltochondna 

and mye lin They also showed, by electron microscope observations, that 

the antlserum, absorbed ln thls manner, could produce complement 

mediated Iysls of the synaptosomal membrane, resultmg ln 105S ofaxoplasm 

and 5ynaptlc veslcles. Simllarly, Mickey et al (1971) ralsed a rabblt 

antiserum agamst synaptosomes, Isolated by denslty gradient centnfugll:lon 

from rat braln. They studl8d the cross-reactlvlty of the antlserum and 

observed that a major class of determlnants IS shared between bram 

mitochondna and synaptlc membranes, that another major class 15 shared 

between myelln and synaptlc membranes and that a thlrd class IS shared by 
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differentiated trom others in some structural components of the nervous 

tissue such as the cerebellum. 

Alternatively, another method for the preparation of whole cells as 

immunogens involves the use of cell suspensions derived trom cloned cell 

lines in culture (Seeds 1975, Stallcup and Cohn 1976, Brockes et al. 1977, 

Hirn et al. 1982) or tumor cell lines (Martin 1977) in the hope to produce ce/!­

specific antisera. However, one objection ta the use of that method is that 

cells in culture may either not be fully dlfferentiated or may dlfferentiate 

anomalously, and thus express antigens that are not characteristlc of the 

normal differentiated cells of the nervous system (for a reVlew, see Stallcup 

and Cohn 1979). Nevertheless, using a C-1300 ascites tumor cell line, 

Martin (1977) was able to produce a polyclonal antiserum which, after 

purification using the absorption method, could label protems present in 

mouse brain (thus its name: mouse brain antigen-', MBA-') and to a lesser 

extent in kidney, but not in liver, lung, muscle, spleen or testes. Similarly, 

Brockes et al. ~, 977) raised an antiserum against a cell line derived from a 

tumor arising in the spinal cord and nerve roots in rats. After extensive 

absorption with rat liver and packed primary muscle cells from cultures, the 

antiserum specifically recognized the membrane of Schwann cens. 

ln conclusion, the production of antisera against cell membranes, 

synaptosomal membranes and who le cells can be used to raise antibodies 

specifie for nervous tissue cellular and subcellular components. A general 

application of this technique has been undertaken in dlfferent fields of brain 

research. However, of particular interest are the membrane antlgens which 

are involved in cellular adhesion. Investigations of these molecules are 

reviewed below. 
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CELL ADHESION MOLECULES 

As already mentioned, one area of research in neurobiology, which has 

profited extensively trom the immunolcgical approach is the study of ce Il 

adhesion molecules (CAMs) involved in neural development (for recent 

reviews, see Edelman 1983, Goridis et al. 1983, Rutishauser 1983, Quarles 

1984, Edelman 1985, Rutishauser and G,')ridis 1986, Rutishauser and 

Jessel 1988). Edelman, who won the Nobel prize ln 1973 for his discoveries 

on the structure of antibodies, made use of his expertise with immunological 

techniques to raise an antibody against a molecule whlch is involved in 

neural cell aggregation and was therefore named the "neural cell adhesion 

molecule" or N-CAM. The polyclonal antiserum which was origmally 

produced against this antlgen, was used again later (Rutishauser et al. 

1978, Hoffman et al. 1982) to purify N-CAM using an immunOZlffinity column. 

ln this procedure, an embryonic chick braln glycoprotein fraction was 

isolated using lectln afflnity chromatogra(Jdy, and then passed over an anti­

N-CAM antibody column to isolate the N-CAM antlgen. The N-CAM was 

then used to produce monoclonal anti-N-CAM antlbodies ln large quantities 

in rabbits. Aggregation assays, original1y developed by Huesgen and 

Gerish (1975) to study the mechanism of aggregatlon ln sllme molds ln 

culture, were used to screen the dlfferent monoclonal antibodies produced 

(Rutishauser et al. 1978) ln thls assay, aggregated cells ln culture are 

incubated wlth the monovalent antlbody fragments (Fab) and dlsaggregatlon 

of the cells is an Indicator that the antlbody recognrzes an epltope mvolved 

in aggregation, a so-called cell adheslon molecule Usmg thls assay, 3 

forms of N-CAMs were Identlfied (Rothbard et al 1982), whlch dl!fered ln 

their sialic aCld content. Interestlngly enough, It appeared that the 
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expression of the different forms of N-CAM was developmentally regulated 

(Schlosshauer et al. 1984). In the early embryo. the sialic acid content of N­

CAM is maximal (80% of sugar residues - Hoffman et al. 1982), whereas in 

the adult, N-CAM seems ta have lost as much as two thirds of its siallc acid 

residues (Hoffman et al. 1982, Rothbard et al. 1982). This phenomenon was 

termed embryonlc-adu/t conversion (E-A conversion) and to date, of ail the 

CAM mo/eeu!es that have been identified (see /ater), only N-CAM seems to 

undergo such a change during embryonie development. In th,s regard, it is 

of interest that a mutant mouse (5taggerer), which shows gross 

disorganizatlon in several regions of the central nervous system, fails to 

show the usual change in slalic acid content of N-CAM during maturation 

(Edelman and Chuong 1982). The adhesion properties of N-CAM were 

further investigated at the cellular level (Hoffman et al. 1982, Hoffman and 

Edelman 1983) and it was found that this molecule has 4 domains which are 

1) a cytoplasmic domain at the -NH2 terminal 2) a membrane-spanning 

domain, 3) a sugar moiety-bearing domain and 4) a binding site at the -

COOH terminal of the molecule. This binding site 5eems to be specific for 

the attachment sites of N-CAM molecules found on other neurons which 

defines the binding pattern of N-CAM as homophillic (ie, self-binding). This 

was observed with the aid of an adhesion assay, whereby lipid vesieles 

were shown ta aggregate only when they were bearing N-CAM molecules 

on their surface but not when de void of N-CAM or when anti-N-CAM Fab 

fragments were present in the bathing medium (Hoffman and Edelman 

1983). This 5uggested that the N-CAM moleeule alone was sufflcient for 

cel/-cell adhesion and that no other adhesion molecule, and no unique N­

CAM re:eptor moleeule was needed for this event ta take its course. These 

findings about the specifie adhesive functlons of N-CAM and the even more 

interesting ones pertaining to its dlfferential developmental expression led 

other researchers to investigate the presence of other cell adhesion 
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molecules in the developing central nervous system of vertebrates . 

However, the first attempts in that direction only replieated the findings of 

Edelman and co-workers becaus9, owing to N-CAM's hlgh immunogenicity 

and prevalenee at the cell surface, It IS the easiest cell adhesion moleeule ta 

isolate, and 02 (Jorgensen and Bock 1974), NS-4 (Schachner et al. 1975) 

as weil as BSP-2 (Hlrn et al. 1981) ail appeared to be structurally and 

functionally identieal to N-CAM. Other attempts were suceessfully made 

however and the possibility that many sueh adheslon molecules eould be 

playing a role ln neurogenesis now seems likely. These molecules include 

the liver hepatoeyte adheslon moleeule (L-CAM - Bertolotti et al. 1980, Gallin 

et al. 1983), the neuron-glla adhesion molecules J1 (Kruse et al 1985), and 

Ng-CAM (Grumet and Edelman 1984, Friedlander et al. 1986, identlcal to L 1 

- Rathjen and Schachner 1984 - and NILE - Bock et al. 1985), the myelin­

associated-glycoprotein (MAG - Sternberger 1979), the adhesion moleeule 

on glia (AMOG - Antonicek et al. 1987), F-11 (Rathjen et al. 1987), 

Neurofascin (Rathjen et al. 1987). Cunously enough several of the cell 

adhesion molecules (eg. Ng-CAM, MAG and N-CAM, J1, but not AMOG -

Antonicek et al. 1987) share a common epltope determinant recognlzed by 

HNK-1 (a mouse antibody ralsed agamst human Iymphoblastoma and used 

as a marker for human lymphocytes wlth natural killer functlons) and by L2, 

an antibody whieh appears to bind ta an epltope slI1l1lar ta HNK-1 (Kruse et 

al. 1984, Martini and Schachner 1986). Consequently, a major epltope 

family, the L2/HNK-1 famlly, Includes these cel! adheslon molocules that 

possess a speclflc class of determmants baund by the L2 and the HNK-1 

monoclonal antibodies, whlch might be related to thelr adheslve functlOns 

(Kruse et al. 1984, Keilhauer et al 1985) Of the cell adheslon molecules 

that have been functlonally char.qctenzed ta sorne e;(tent. Ng-CAM, 

Neurofascm and AMOG are of special mlerest smce thelr expression was 

also found to be developmen!ally regulated ln varymg amounts f ~owever. 
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these molecules do not appear in different forms through neurogenesis, as 

is the case with N-CAM. Ng-CAM is a molecule expressed on post·mitotic 

neurons, that carries out heterophilic binding with a putative receptor (so· 

called Gn-CAM - Grumet et al. 1984). In vitro assays with cerebellar 

explants incubated with antl-Ng-CAM antibodies, have indicated that the 

migration of the external granular cells towards the internai granular layer 

(their final location) is dependent at least in part on NgCAM medlated 

interaction (Lindner et al. 1986). A simllar effect of the anti-AMOG antibody 

was observed (Antonicek et al. 1987), slnce AMOG, being expressed by glial 

cells, promotes attachment of cerebellar Bergmann glia to external granular 

neurons in a heterophi/lic manner. On the other hand, NgCAM and also 

Neurofascin seem to be molecules involved in neurite-neurite attachment at 

the level of fasciculation since monoclonal antibodies against Ng-CAM 

(Fischer et al. 1986) or Neurofascin (Rathjen et al. 1987) prevent formation 

of nerve bundles in vitro. From these types of results it has been suggested, 

then that during embryogenesis, the action of a variety of cell adhesion 

molecules upon neurites, directs their growth through different epochs of 

development. 

Before the discovery of cell adhesion molecules, 2 major hypotheses 

had been formulated, concerning the harmonious development of the 

nervous system, and the correct growing of the neurons to their respective 

target cells. One of these hy'potheses the so-called "resonance hypothesis", 

is somewhat sketchy in its formulation and deals with the tact that neurons 

have the potential ta eonvey specifie Information, for example about a given 

modality, ta their target and that only specifie targets would have the 

possibility of processing this information. These quali1ies would make the 

neuron and the target eell "recognize" eaeh other and would lead to the 
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1 establishment of a relevant connection, or synapse (Weiss 1924). Another 

hypothesis deals with the specificity of target cells in their chemical 

composition (or "address"), whlch would lead a:1 axor. to form contact 

according to the "recognition" of such a chemical specificity on its target. 

This hypothesis, the so-called "chemospeclficity hypothesis", which was 

formulated by Sperry (1963) implied, in its most rigorous version, that ail 

cells are dlfferent in terms of chemical composition and that thls difference 

would mediate recognition and wouid be directed by genetic make-up. 

Since, in the first instance, N-CAM, the flrst cell adhesion molecule to be 

fully characterized, is located on neural cells in the chick nervous system 

(but also on muscle cells and several other tissues - Rutishauser et al. 

1978), and since it is a developmentally modulated molecule as weil as a 

highly evolutlOnary-conserved molecule (Hoffman et al 1984), it has been 

suggested that It plays a malor role (together with other cell adhesion 

molecules) in neurogenesls and therefore would be a pnme candidate for 

influencing neuronal pathfinding. Consequently, a "regulator hypothesls" 

(Edelman 1983) has been proposed, whereby dlfferential expression of 

various cell adhesion molecules would direct axons to thelr targets and the 

final result would agaln be the formation fo relevant synapses. The outcome 

of this hypothesls IS that the complexltles of neuronal development would 

rely on only a few gene products (the ones Involved ln the expression of the 

CAMs on vanous cells) but the Involvment of eplgenetlc factors such as the 

induction of expression of dlfferent forms of CAMs (or dlfierent CAMs 

altogether), fol1owmg mechanical adheslon at glven st3ges of düvelopment, 

would play a key role ln neuronal dlfferentlatlon, pathfmdmg and 

synaptogenesis Credlbllity has been glven to thls hypothesis by the 

fmdlngs that substrate adheslon molecules (SAr.;1's - Steinberg 1970, 

Lemmon et al 1982, Thiery et al 1982), whlch are components of the extra-
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• cellular matrix (Iaminin. proteoglycans. fibronectin, etc.), and also cell 

junctional molecules (CJM - Feldman et al. 1978) have been implicated in 

axonal routing during develapment (see Werz and Schachner 1988). These 

malecules are also found assoclated with cell adhesion molecules and the 

interaction between these different types of molecules (CAMs, SAMs and 

CJMs) may be the basis for the harmonious development of the nervous 

system. 

CADHERINS 

It has been reported that intercellular adhesion is due ta at least two 

classes of mechanisms, one Ca++-dependant and the other Ca++­

independent (Takeichi 1977, Urushihara et al. 1977. Ozaki et al. 1979). The 

Ca++-dependent elass of interactions is mediated by moleeules termed 

Cadherins (for reviews see Takeichi et al. 1986. 1988). The cadherins are 

also distinguished from the eell adhesion moleeules discussed in the 

previous section in that they are temperature as weil as trypsin sensitive. 

Cadherins can be divided into subclasses of different immunological 

specifieity (Takeichi et al. 1985. See Takeichi et al. 1986. 1988 for reviews). 

For example. P-eadherin (placental eadherin) plays a role in uterine 

implantation of the tetus in mammals (Nase and Takeichi 1986) white E­

cadherin (epithelial cadherin) is involved in adhesion of most epithelial ce Ils 

derived trom the eetoderm and endoderm. The latter mo/eeule has been 

identified by many groups and evidenee is given of its cquivalence or cross­

species analogy with L-CAM (Gallin et al. 1983). Arc-1 (Behrens et al. 1985). 

uvomorulin (Peyrieras et al. 1983). teratocarcinoma cadherin (Takeichi et al. 

1981) and cell-CAM 120/80 (Damsky et al. 1983). Finally, the major 

cadherin found in the nervous system is N-cadherin (N-Cal-CAM - Bixby et 
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al. 1987. A-CAM - Volk and Geiger 1984). 

Ali cadherin subclasses have distinct binding specificities but share a 

common structure with a Ca++-attachment site close to the extracellular N­

terminal region, a membrane-spanning domain and a cytoplasmic domain 

(about 80Kd) which is highly conserved among cadherins through evolution 

(Hatta et al. 1988, Takeichi 1988). 

Cadherins are involved in cellular aggregation through homophillic 

binding (however, interactions cauld accur between different cadherin 

subclasses - Nase et al. 1988). They are present in every cell farming solid 

tissues indicating their general importance for cell-cell adhesion (Yoshida­

Nore et al. 1984). 

Interestingly, cadherins appear to be involved in segregation of tissues 

(Hatta and Takeichi 1986, Nose and Takeichi, 1986, Hatta et al. 1987), 

homing of migratory cells (Gallatain et al. 1983) and selective connection of 

neurens (Goodman et al. 1984, Takeichi et al. 1985) in mammals and birds. 

For example, Hatta and Takeichi (1986, and also Nase and Takeichi 1986 

and Hatta et al. 1987) found that the expression pattern of each cadherin 

subclass in embryos is correlated with the segregation of cell layers. In 

neural tube formation, the patterns of N-cadherin expression appear to be 

complementary to those of E·cadherin (Hatta and Takeichi 1986) although 

there seems to be an early intermediate stage at which both molecules are 

expressed on the same cells (Hatta et al. 1987). Takeichi et al. (1986) 

proposed that the segregation of the neural tube tram the overlying N­

cadherin-negative (E-cadherin-positive) ectaderm resulted from homotypic 

adhesion that lead to the separation of these two ectodermal derivatives . 
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Subsequently, the loss of the N-cadherin molecule from the dorsal region of 

the neural tube is associa~ed with the appearance and migration of neural 

crest cells. From the se observations. It was therefore hypothesized that the 

termination of N-cadherin expression in the neural plate wou Id release 

neural crest cells trom thelr aggregation near the neural tube and thus 

permit their migration. Other sueh observations are given in the literature 

where transient expression of a cadherin subelass wou Id give rise to 

developmental changes leading to cell migration or cell implantation at a 

final destination (for a review see Takeichi 1988). 

Cadherins appear to exert their adhesive effect through actin-mediated 

morphological changes owing to the association cf the molecule's 

cytoplasmic domain with cortical actin bundles. Evidence for this 

association is given by the observation that morphological changes occur in 

L cells (with IIt1le endogenous cadherin activity) when they are transfected 

with the E-cadherin gene (Nagafuchi and Takeichi 1988). It was also 

observed (Bolier et al. 1985, Volk and Geiger 1986a,b, Hirano et al. 1987) 

that cedherins are components of intercellular adherens junctions, such as 

zonulae adherentes, whieh are known to be associated with aetin bundles. 

By contrast, the neural cell adhesion molecule (N-CAM) is not concentrated 

at morphologieally-specialized membrane structures. Hirano et al. (1987) 

studied the loealization of cadherins and actin bundles in various culture 

cells by a double immunostaining method and found that cadherins present 

at the cell-cell boundary perfectly eoincided with the cortical aetin bundles. It 

is therefore possible that eadherins be involved in the contact mediated 

regulation of cell motility since actin is a major eomponent of the cellular 

motility maehinery (See Takeichi 1988). 

The pattern of tissue distribution of N-cadherin is similar to that of N-CAM 
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(Edelman et al. 1983, Hatta et al. 1987). It was thus hypothesized (Hatta and 

Takeichi 1986) that many subtypes of adhesion molecules may be 

expressed on the same ceUs and that vatlations ln the temporal expression 

and density distnbutlon of elther of these adheslOn molecules would direct 

developmental events. Support to this hypotheslS IS glven by the 

observation (Takelchl et al. 1979, Urushlhara et al 1979, Brackenbury et al. 

1981) that E~, N~ and P-cadhenn are overlapped ln many kmds of ceUs in 

varying combinations. Such combmatlons of dlfferent types of cadherins 

must create a vanety of adhesive sper.lflclty for cells Since Ca++­

independent adheslon molecules such as N~CAM are co-expressed with 

cadherins, the cornbmatlon of ail these adhesion molecules should provide 

cells with a greater variety of adhesive specificity (see Edelman 1984, 

Takeichi 1988, for discussions). 

As originally pointed out by Townes and Holtfreter (1955), the selective 

segregation or migration of cells can be produced by quantitative 

hierarchies of adhesion strengths in the torm of preferences rather than 

absolute distinctions. At present, relatlvely few adheslve molocules have 

been sufficiently weil characterized ta permit an unambiguous analysis of 

their combined effect. However, studles in that direction are being 

elaborated in many laboratories. 

GOLDFISH VISUAL SYSTEM REGENERATION 

ln the adult goldfish (as weil as in other flsh and amphibians), 

regeneration can spontaneously take place after transection of the optic 

nerve or tract. Since such a regenerative capacity seems to be lacking in 
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the central nervous system (CNS) of higher vertebrate species, the goldfish 

visu al system has been the subject of much anatomical (Sperry 1948, 1963, 

Jacobson and Gaze 1965, Murray and Grafstein 1969, Gaze and Sharma 

1970, Murray 1973, 1976, Lowenger and Levme 1988), pharmacological 

(Oswald et al. 1980, Kah and Chambolle 1983, Yoshida et al. 1983, Ross 

and Godfrey 1986), and biochemlcal (Murray and Grafstein 196Q, Giulian et 

al. 1980, Maxwell and Elam 1980, Quitschke et al. 1980, Heacock and 

Agranoff 1982, Giulian et al. 1985, Perry et al. 1985, 1987, Schmidt 1987, 

Kënigstorfer et al. 1989, Yazulla et al. 1989) investigations. 

This regenerative process includes first, formation of regenerative 

sprouts, then guidance of the growing axons over long distances through the 

optic nerve and iract, and finally, the successful matching of regenerating 

axon terminais with appropriate postsynaptic cells in the optic tectum. 

The visual system of the goldfish therefore. is suitable for studying the 

phenomena ofaxonal growth and of cell interactions in the regenerating 

central nervous system of an adult vertebrate. The visual system of the 

goldfish is concerned with the transmission of information between the 

photoreceptor cells found in the retina, to the visual center, namely, the optic 

tectum where visual processing occurs (Sperry 1963). In that pathway, 

retinal ganglion cells act as intermediaries, gathering information from the 

photoreceptor cells and conveying it to the optic tectum via their long axons 

in the optic neNe and tract. After lesion of the optic neNe, the severed 

axons undergo Wallerian degeneration and are saon replaced by 

regenerating ganglion cell axons (Murray 1982). A number of changes 

occur at allievels in the ganglion cell (ie. soma, axon and synaptic ending), 

the final result being recovery of visual function withm '-2 months (Jacobson 
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and Gaze 1965. Grafstein and Murray 1969). 

Morphological observations (Murray and Grafstem 1969) as weil as 

radiolabeling experiments - where radloisotopes are mjeeted into the eye 

and incorporated into newly syntheslzed protems of the ganglion eells 

(Murray and Grafstein 1969, Guillan et al. 1980, Maxwell and Elam 1980, 

Benowitz et al. 1981, Heacock and Agranoff 1982, McQuarrie and Grafstein 

1982, Chaknaborty et al. 1986, Perry et al. 1987), have shown that the 

following changes take place ln the ganglion cell somata during optlC axon 

regeneration. First, there IS a change ln the stainlng Intensity of Nissl bodies 

(chromatolysis reaetlon) which imply protem synthesls smce Nissl bodies 

are eomposed of ribosomes ln association wlth which the bulk of 

cytoplasmie protein synthesis occurs (Murray and Grafstein 1969, Giulian 

annd Iwanij 1985). Second, cellular hypertrophy occurs (Murray and 

Grafstein 1969). Among the proteins that undergo changes in their 

synthesis rate dunng regeneration of the optic nerve are the structural 

components including mierotubules (tubulin - Glulian et al. 1980, Quitschke 

et al. 1980, Heacoek and Agranoff 1982, Perry et al. 1985), mlcrofllaments 

(aetin - Giulian et al. 1980, QUitschke et ai. 1980, Heacock and Agranoff 

1982, Perry et al. 1985) and neurofllaments (ON1, ON2 - QUltschke and 

Seheehter 1983, Perry et al. 1985). Another protein wlth apparent molecular 

weight of 43Kd, shows the most marked increase ln synthesis rate and was 

therefore named growth-associated protem 43 (GAP 43 - Skene and Willard 

1981, Benowltz et al 1981, Heacock and Agranoff 1982, Perry et al 1985). 

The regeneratmg ganglion cell axons grow ln large numbers mto optlC 

nerve bundles. The growlng axons tram one eye then have ta cross over at 

the level of the optic chl8sm and, travel through the optlC tract, to reach the 

tectum. It has been observed that, followlng optlC nerve section, 
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1 oligodendroglia and multipotential gUa proliferate in the optic tract (Guilian 

and Iwanij 1985, Guilian et al. 1985), and that this proliferation might be 

influenced by humoral factors released trom the synaptic target sites in the 

optic tectum (Giulian and Iwanij 1985). ThIs was suggested by an 

experiment where optic tract glia, in vitro, increased their amlDo acid 

incorporation in the presence of soluble factors from the optic tectum 

(Giulian and Iwanij 1985). During the first 3 months post-operation, axons in 

the optic nerve and tract increase in diameter (Murray 1976). These findings 

indicate that, even after recovery of sight (within 1-2 months post-operatively 

• Jacobson and Gaze 1965, Grafstein and Murray 1969), changes are still 

occurring in the visual pathway (Murray 1976, 1982). 

ln conclusion, the visual system of the goldfish, owing to its regenerative 

capacities and to its ordered organization, has proven to be a system of 

choice for carrying out investigations in neurobiology. These investigations 

involve concerns about axonal routing in neurogenesis, and the influence of 

soluble factors and cellular interactions leading ta successful recovery of 

visual function. 
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ANIMAL CARE 

GOLOFISH 

The animais used in this study were adult Cornet goldfish (Carassius 

auratus, Hartz Canada. Montreal). Their average length from snout to the 

base of the caudal fin was 6-7em. The fish were fed once a day with 

TetraFin™ brand staple food enriehed with lecithin (West Germany). and 

kept in aerated tanks filled with salted water (0.1 % NaCI) at room 

temperature (18-24°C). 

The mice used were 6 week old female BALB/e (Bar Harbor, Maine) kept 

in group cages not exeeeding a density of 6 individuals/cage. The floor of 

the cage was layered with sawdust. Food (Purina™ rat chow) and water 

24 



1 
supplies were available at ail times. The mice were under the care of the 

Mclntire building animal room technical staff. The cages were cleaned every 

week. 

PROTEIN ASSAY 

The bicinchoninic acid protein assay procedure (Sigma kit no. TPRO-S2) 

was used to rneasure protein concentrations. In this assay, Cu (II) is 

reduced to Cu (1) by proteins, in a concentration-de pendant manner. 

Bicinchonmic acid is a highly specifie chromogenic reagent for Cu (1), 

forming a purple complex with an absorbance maximum at 562nm, therefore 

absorbance at S62nm is directly proportional to protein concentration. 

ln test-tubes, 2.S-1SJlI of proteins (either in phosphate buffered saline -

PBS: O.OSM phosphate butter pHS.4, 0.9% NaCI - or in sucrase) were added 

to 2mls of the reagent mixture (1 part of Copper (II) sulfate pentahydrate 4% 

solution to SO parts of bicinchoninic acid solution -Sigma) and this mixture 

was diluted up with distilled H20 to a final volume of 2.1 mis. The tubes 

were successively mcubated at 370C for 30rnin and cooled ta room 

temperature. The contents of the tubes were transfered to polystyrene 

phototubes and absorbance readings at 562nm were taken tram a Perkin­

Elmer (Lambda3) spectrophotometer. The absorbance of a no-protein blank 

was subtracted trom the absorbance of the assay tubes to obtain the net 

absorbance due to protein. These absorbance results were matched ta 

BSA (bovine serum albumin) standards ta determme protein concentrations. 
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SUCROSE GRADIENT CENTRIFUGATION 

The protocol used was a modification of the combined 1Iotation­

sedimentation density gradient centrifugation technique used by Jones and 

Matus (1974) to isolate synaptic plasma membranes from the rat brain. 

Eight brains (includlng vagallobes) were dlssected out of goldfish and 

ground (10 strokes) in a Potter-Elvehjem homogenizer in 1 ml of isotonie 

homogenizing buffer (4mM EDTA, 4mM Tris-HCI pH 7.4, O.175M sucrase). 

Phenyl methyl sulfonyl fluoride (PMSF,100mM in isopropanolol). a 

proteolytic enzyme inhibitor was added at a concentration of 1 % (v/v). The 

homogenate was then diluted about 10 tlmes by adding 9mls of 

homogenizing buffer. The diluted homogenate was spun for 20 minutes at 

800g (3200 RPM) in a table top microfuge at 4°C. The pellet (P1), 

containing unbroken cells as weil as nuclei and membrane sheets (Graham 

1987) was discarded, and the supernatant (S1) was spun for 10 minutes at 

19500g (15200RPM) in a refrigerated centrifuge (Sorvall, model RC-5B, 

rotor model SA-600). The 82 supernatant, containing mostly peroxisomes, 

mitochondria, rough endoplasmic reticulum and Golgi apparatus (Graham 

1987) was discarded. The P2 pellet, containing myelin, membranes and 

mitochondria (Graham 1987, Jones and Matus 1974) was subjected to 

centrifugation in a sucrose gradient (see flow chart below). 

The P2 pellet was resuspended in 2.3ml hypotonie buffer (5mM Tris-HGI, 

pH8.1) at OOC for 30 min, ln order to break open sealed membrane vesicles . 

To this solution was added a 60% sucrase solution, in order to obtain a 

bottom sucrose layer (containing the P2 pellet ln suspension) with a final 
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concentration of 36% (total volume of the bottom layer in each tube was 

5mls). Then, 5mls of 32% sucrase and 3mls of 10% sucrose were 

overlayered successively to produce the gradient. 

The gradient was spun for 11 Omin at 60,000g (22,000 RPM), after which 

three fractions were harvested: the myelin fraction at the 10/32 % interface, 
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the membrane fraction at the 32/36 % interface. and the mitochondrial pellet. 

The membrane fraction was then spun at 80000g (35,OOORPM) for 3 hours 

in 6mls total volume of homogenizing buffer and the resultant membrane 

pellet was resuspended in O.3ml of storing buffer (15mM Tris-HCI pH7.4, 

0.25M sucrase. 15% glyceral). 

ENZYME ASSA YS 

QUABAIN-SENSITIVE Na+ ~+-ATPASE 

(plasma membrane marker) 

The method usee; / :as modified fram the protocols of Schimmel et al. 

(1973) and Hol/and et al. (1974). The ouabain-sensitive Na+/K+ ATPase 

content was determined in a 300~1 reaction mixture (300mM imidazole-HCI 

pH7.5, O.11M NaCl, 15mM KCI, 5mM NaN3. 0.5mM EGTA. 4mM MgCI2. 

3mM ATP, 0.01 % (v/v) Triton-X-1 00 and 5 or 1 0l1g of sample proteins) at 

4°C. The following reaction took place in the test tube. 

Endogenous 
ATP ---.----------------------:> ADP + Pi 

enzyme, Mg++ 

where the endogenous enzyme is Na+, K+-ATPase 

The Na+,K+-ATPase activity was calculated as the difference in ATPase 

activity in the presence and absence of 1 mM ouabain. Reactions were 

carried out at 370 C for 45min and stopped by adding an equal volume of 

10% perchloric acid and 30~g of l1eat-activated charcoal (Fisher Scientific 
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Co.). After removal of protein by centrifugation (high speed on microfuge. for 

3min at 4°C). inorganic phosphate content was determined by an assay 

(where molybdate which forms a complex with inorganic phosphate, is 

reduced with ascorbic acid) by taking 0.5ml of the supernatant and mixing it 

with a 1:6 ascorbate:molybdate solution (10% ascorbic acid, 0.42% 

ammonium molybdate.4H20 in 1 N H2S04. Ames 1966). Absorbance 

readings were taken in a spectrophotometer (Perkin-Elmer, Lambda 3) with 

polystyrene phototubes, at 820nm. Optical density readings of experimental 

results were matched to phosphate standards. 

CYTOCHROME C OXIDASE ASSAY 

(mitochondrial marker) 

The enzyme activity was measured spectrophotometrically according to 

Sottocasa et al. (1967) by following the oxidation of reduced cytochrome C 

at 550nm. O.6mM of Tuna fish Cytochrome C (Sigma chemicals co.) in 

0.05M potassium phosphate bufter (pH7.4) was reduced by the addition of 

sodium dithionite crystals until a change of coloration, trom dark red 

(oxidized form) to orange (reduced form) was obtained. In a 3ml cuvette, 

0.1 ml of 0.3% Triton-X-1 00 solution (v/v in buffer) and 0.1 ml of protein were 

added to 2.7mls of potassium phosphate buffer. The reaction was started by 

adding 0.1 ml of reduced cytochrome C. The following reaction took place in 

the cuvette: 

endogenous 
reduced Cytochrome C --------------------> oxidized Cytochrome C + 1 e­

enzyme 

where the endogenous enzyme is cytochrome C oxidase 
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1 The decrease in optical density with time, was read trom a chart paper 

recorder. The cytochrome C oxidase activity (Ilmoles/mg/min) was 

estimated according ta the following formula: 

c/time ::: (~O.D. 550X3mls)/(18.5/mM· 1cm/ mg protein)/time 

where: 

c: concentration ~mole/mg 

~O.D.550: variation in optical density at 550nm as a function of time 

3mls: cuvette volume 

18.5: extinction coefficient of cytochrome-C oxidase at 550nm 

1cm: light path through the cuvette 

2' .3'-CYCLIC NUCLEOTIPE ,3'-PHOSPHOHYDROLASE (CNPase) 

(myelin marker) 

The increase in absorbance at 340nm for the conversion of 2'3'cyclic 

NADP to 2'NADPH was determined spectrophotometrically according to the 

method by Hugli et al. (1973). 

To start the conversion, 10-100~1 of protein was added to a reaction 

mixture (5mM glucose-6-phosphate, O.2M MES buffer pH6.0, 30mM MgCI2. 

0.05% (v/v) Triton-X-100, O.25mM 2'3'cNADP and 0.4% (v/v) glucose 

phosphate dehydrogenase suspension (Boehringer Manheim Co.) in a 1 ml 

final volume at room temperature. The following reactions took place in the 

cuvette: 
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Where: 

Endogenous 
2'3'cNADP ----------------------> 2'NADP 

enzyme, Mg+ 

GPD 
2'NADP + G-6-P --------------> 2'NADPH + 6'POL 

the endogenous enzyme is 2' ,3'-cyclic nucleotide, 3'-phosphohydrolase 

(CNPase) 

GPD: glucose phosphate dehydrogenase 

6'PGL: phosphoglucono-ô-Iactone 

The rate of production of 2'NADPH was measured as U/mg protein on a 

paper chart recorder over 2-3min, according ta the following formula: 

M340/6.22* 

volume pratein/concentration protein 

where ôA340: variation in absorbance over time at 340nm 

*Extinction coefficient of NADPH at 340nm 

ELECTRON MICROSCOPY 

Following sucrase gradient centrifugation as described above, the 

different pellets (P1, P2, myelin, membranes, mitochondria) were incubated 

overnight at 4°C in fixative (O., M phosphate butter pH 7.4, 0.5% 

32 



1 

1 

paraformaldehyde, 0.0025% CaCI2. 1.5% glutaraldehyde). After this fixation 

step, the pellets were rinsed in 0.1 M phosphate butfer for 30min. 3 times 

consecutively, followed by post-fixation at 4°C (In the dark) in an osmIum 

tetroxide solutIon (1 % OS04 ' 1.5% potassium ferrocyanide in 0.1 M 

phosphate buffer pH7.4). Then t a dehydration and embedding schedule 

was undertaken as follows: 1- 10min rinse in 30% ethanol (4°C). 2- 10min 

rinse in 50% ethanol (4°C), 3- Quick rinse. then 20min incubation in 95% 

athanol (room temperature), 5- 2 X15min rinse in absolute ethanol (room 

temperature), 6- 30min incubation in propy!ene oxide (4°C), 7- 1 hr 

incubation in 50:50 propylene oxide epoxy resin (49% EPON, 29% DOSA, 

25% NMA, 2.3% DMP-30). The pellets were incubated overnight in 100% 

epoxy resin (4°C) and then placed under the care of Elizabeth Montgomery, 

the electron microscope technician who sectioned the epoxy resin blocks 

and stained them with lead citrate prior to mounting on gold grids. 

Magnifications up to 169,000 fold were achieved with good resolution from a 

Phillips 410 electron microscope. Pictures of representative fields were 

taken trom each of the fractions used. 

MOUSE IMUNIZATION 

After collection of plasma membrane proteins by sucrose gradient 

centrifugation (for the membrane fraction) or by differential centrifugation 

(when crude membrane fraction - P2 - was used), the proteins were 

resuspended in PBS to obtain a final protein concentration of 0 5mg/ml. 

The protein suspension was pulled through a 3cc syringe. together with 

an equal volume of Freund's completti adjuvant (Sigma ChemicaJ Co.). The 
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syringe was attached to another 3cc synnge by the combmatlon of an '8 

gauge needle (which was cut ta a length of 3mm) and a 21 gauge neodle 

(cut to 1cm) fit head to head lOto each other (see dlagram below) 

The emulsion was prepared by rapldly pushmg the protam/adluvant mlx 

back and forth through the 2 synnges untll the movement was opposed by 

the liquid denslty Inslde the synnges 200pl of the emulSlon (50pg proteln) 

was injected ln the sub-cutaneous space ln the back of 6 weak-old tomale 

BALB/C mice usmg a 23G needle 

Fourteen days atter the pnmary injection, the mica were boosted by a 

similar injection in Freund's incomplete adjuvant (Sigma Chemlcal Co.). 

Fourteen days later, a fmal boost was carned out simllarly, except that the 

mice were injected mtrapentoneally 

Three ta 5 days after the second boost, the animais wore bled from the 

retroorbital venous plexus (Weir 1973) under general anaesthesla (Avertin -

5% wlv tribromoethanol, 2.5% vlv tert-amyl alcohol - O.3ml/20g) Wlth 

practice, 250-300~1 of blood could be recovered ln thls mnnner 

Subsequently, the blood was Incubated ln a c10sed eppendorl tube for 2hrs 

at room temperature, and then stored avernight at 4
c

,C It was then 

centrifuged for Smin at 800g ln arder ta pellet the blood clot whlch was 

carefully extracted from the tube, usmg a sterile needle The tube was thon 

spun agam at 14000g for 5mm, the supernatant sorum was transfered to a 

fresh tube, and 0.02% sodium aZlde was added (for prevention 01 bactena 

growth). The antiserum was thon stored at 4"C If Il was la be usud wlthln a 

month, or at -200C for longer storage tlmes 
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GEL ElECTROPHORESIS AND IMMUNOBlOTTING 

PREPARATIQN OF SAMPLES 

<) 

Tissue was either homogenlzed ln phosphate bufferûd saline (P8S, 4 C) 

to obtarn a erude preparation or centnfuged Into a crude membrano (P2) or 

purified membrane fraction The extract was then dlssolved m sample butter 

(10% v/v glycerol, 5% B-mercaptoethanol, 23% SOS, 0 0625M Tns-Hel 

pH6.8) to a fmal concentration equal to or larger than 1 mg/ml Bromophenol 

blue (trackmg dye) was added to a fmal concentration of 0 1 %, alter whlch 

the denatured protem solution was plaeed ln a botltng-water bath for 10mm 

SDS-PAGE 

Sodium dodeeyl sulfate polyacrylamlde gel electrophoresis (SOS-PAGE) 

was carried out as deseribed by Laemmh (1970) for a discontmuous gel 

system. The protems were resolved in a 10% polyaerylamlde gel containtng 

33% of an acrylamlde stock solution (30% acrylamlde'N,N,methylene-bls­

acrylamide 29 2:0 8) and 25% of lower gel buffer - LGB (1 5M Tns-HGI 

pH8.B, 0.4% SOS). Polymenzatlon was mltlaled by the addition of 

ammonium persulfate (APS) and N,N,N',N'-Tetramethyl ethylendlamlne 

(TEMEO) to a final concentratIon of 0 03% w/v and 005% v/v respectlvely 

The gel was cast 10ern long and 1 5mm thlCk, overlayered wlth 50% 

isopropanol and allowed to polymenze for about 30mtn at room temperature 

_ The staekmg gel, contalntng 0 15% of 30°/0 acryl<1:TlIde stock, 24% upper 

gel buffer - UGB (O 5M tns-Hel pH6 8,0 4''ljo SOS), 0 03% APS and 0 01% 

v/v TEMED, was layered (2cm) over the resolvtng gel after dlscardmg the 
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• isopropanol. Following polymerization of the staeking gel, the protein 

sample was loaded in individual lanes. The gels were cahbrated with 

standard molecular weight markers (200Kd: myosin, 116Kd: b-gala­

ctosidase, 97Kd: phosphorylase b, 66Kd: bovine serum albumin, 43Kd: 

ovalbumin, 30Kd: soybean trypsin inhibitor, 22Kd: lysozyme - BioRad) or 

pre-stained molecular weight markers (84Kd: fructose-6 phosphate kinase, 

58Kd: pyruvate kinase, 48.5Kd: fumarase - Sigma - these moleeular weights 

were used only nominally since 1 observed that the 84Kd proteln migrates 

fast and that the 58Kd and 48.5Kd proteins migrate slow. relative to the 

BioRad standards, probably due to sorne effect of prestamillg the protems) 

and was run at 3 Watts, constant power, in freshly-prepared running butter 

(2.5mM Tris, 17.8mM glycine, 0.1 % w/v SOS) for about 5hrs or at 55V, 

constant voltage, for 14-1 7hrs. 

For shorter running times and smaller protein amounts, the mini-gel 

apparatus (Mighty Small Il slab gel model SE 250, Hoefer Scientific 

instruments) was used. Ali steps and solutions were as mentioned above, 

with the exception that the resolving gel was cast 5em long and 0.75mm 

thiek. The gel was run at 3 Watts for about 1 hr. 

Either staining or protein transfer was carried out following 

eleetrophoresis. 

COOMASSIE-BLUE STAINING 

After the proteins were resolved, the gel was incubated in a Coùmassie 

Blue solution (50% ethanol, 5% trichloroacetic acid, 7% acetic aCid, 

200)lg/ml Coomassie-Blue R-250) overnight at room temperature on a 

37 



• 

shaker (TekTator). Then, It was Incubated for 1-2hrs ln an ethanol-froo 

Coomassle Blue solution, af1er whlch It was destalned for at laast 2hrs '" 7% 

acetic aCld. 

eRQIEIN TRANSFER 

Gels to be used for protein transfer were Iain over pre-wetted 

nitrocellulose paper eut to Slze, sandwlched ln between 2 beds of pre-wetted 

3MM paper and fit mlo a plastiC transfer holder (BIO Rad) The transfer 

holder was placed Into the transfer apparatus filled wlth cold (OoC) transfer 

butter (25mM Tris, 192mM glycine, 20% methanol) and the transler was 

carried out for 30mln in an Ice bath at 1.2amps, constant current, 

IMMUN08LOTIING 

The method described below for immunoblotting and visuallzatlon was 

adapted from Smith and Fisher (1984). After protem transfer, the blot was 

incubated in blocking butter (O.05M PBS, 05% Tween-20, 3% BSA) for 1-

2hrs al room temperature, after whlch It was rinsed tWlce ln PBS/0,5% 

tween-20. Then, the blot was placed ln a sealed plastiC bag together wlth 

relevant antlbody at a dilution of 1 500 (In blockmg buffer) overnlght at 4"C 

Rinsing was then repeated, and the blot was challenged wlth an alkallne 

phosphatase-conJugated secondary anllbody (gOtIt antl-mouse - Zyrned 

laboratones Inc,) at a dilution of 1 '100 ln blockmg buffor for 211r5 at room 

temperature, and then agam nnsed as before The blot W(]S then nnsûd ln 

sodlum-glycinate solution (50mM glycme-HCI pH3 6, 1 N NaOH) and 
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incubated in a reaction mixture (95% v/v sodium glycinate solution, 0.33% 

pNBT, 0.17% 534-P04, 0.008 mM MgCI2) until the labeled bands became 

visible. The blots were 1hen immediately nnsed in P8S. When blots were 

processed together, for comparative purposes, they were reacted for 

identical times. 

DIFFERENTIAL ABSORPTION 

The proteins used as the absorbant were derived from a P8S crude 

extract, a crude membrane preparation (P2), or 4% paraformaldehyde-fixed 

tissue sections mounted on gelatin-coated slides. In the case of absorption 

with P2 or crude extract. the antiserum was introduced in the absorbent 

solution at a final dilution of 1 :100 and incubated for 60min at room 

temperature on a nutator ta allow antibody binding ta take place. The 

antigen/antibody complexes were then pelleted by spinning down the 

incubation tube contents at 16000g for 20min in a tabletop microfuge. The 

supernatant. containing the free antibodies was transferred ta a different 
o 

tube and stored at 4 C. In the case of absorption with tissue sections, the 

antiserum was incubated at a dilution of 1:100 (ccntaining 1 % goat serum 

and 1 % triton-X) with the fixed tissue sections for 2hrs at rcom temperature 

without shaking. The unbound antibody solution was recovered from the 

slides with a P200 pipetman., and stored at 4°C. 
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1 ANTIBOOY ELUTION 

Ten J.l9 of protems were loaded ln each weil of a mml-gel or 30119 of 

protems in each weil of a big slab gel The gel was run as descnbed and the 

protems were transferred onto nitrocellulose After the Imrnunoblottlng 

procedure, the antlserum reactlvlty was visualized by the alkallne 

phosphatase method. The reacted blot was nnsed bnefly ln 05% 

Tween/PBS, after whlch the protem bands of mterest. spannrng the wldth of 

the blot. were excised and cut Into small (:::2mm2) pleces (see dragram 

below). 

The protocol used ta elute antlbody trom the nitrocellulose pieces is 

derived from Smith and Fisher (1984). Nitrocellulose pieces ware Incubated 

for 30sec in 300111 of elution buffer (50mM glyclne-HCI pH2.3, 500mM NaCI, 

0.5% Tween-20. 1001lg/ml BSA) whlch was then decanted and Immedlately 

nautralized with Na2HP04 to a fmal concentration of 50mM The elutlon 

and neutralization steps cou Id be repeated any number of tlmes (usually 3) 

in order to obtain the maximum band-specifie antlbody yleld Also, on 

occasion, seriai elutlon was carned out after reprobmg the antlbody­

depleted strips wlth tresh antlserum 

The eluted antlbody was then concentrated ln the Centncon Mlcro­

concentrator (Ami con Canada Ltd) The filtrate was dlscarded and the 

concentrate (pratems of molecular welght larger than 30Kd) - 75-1001l1 was 

reconstltuted with PBS to a fmal volume of 2001l1. These antibodl8S were 
o 

stored at 4 C. 
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IMMUNOFLUORESCENCE 

ERESH-EROZEN TISSUE 

Goldfish were anaesthetlzed ln a solution of 0.1 % ethyl rn-amino­

benzoate (Sigma) in O., M phosphate buffer pH7.4 MS-222) for about 

10min. They were then plaeed on the operatmg block on their baek and the 

aorta was severed to let the blood flow out of the body. The flsh were then 

turned to expose their dorsal side and the dorsal skull was cut wlth sClssors 

and removed , after whlch the brainstem was eut nght behrnd the vagal 

lobes (in order to impede any movement of the animal). The braln 

(encompassing the telencephalon, hypothalamus, optlC tectum, cerebellum 
o 

and vagallobes) was removed and put in cold (4 C) PBS. When optic 

nerves were needed, they were also removed. For removal of the viseem, 

the animal was turned ventral slde up and a large plece of body wall was 

removed in order ta expose the visceral contents of the abdomen. Care was 

taken not ta pierce the gall bladder. 

The tissue was rapidly frozen on dry ice and then mounted onto a 

sectioning piate with embedding medium (Hlsto prep, Fisher scientiflc co.). 

The sectioning plate was then placed in the cryostat chamber and the tissue 

was allowed ta equilibrate ta the chamber's temperature (see below) for 10-

15min. 

PERFUSED TISSUE 

The fish was deeply anesthetlzed (20-30min) in MS-222 and then placed 

on its side on the operation block. The 2 opercula were removed. Then, the 
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fish was placed ventral side up and a triangular piece of body wall overlying 

the heart was removed. The 2 feeder veins (common cardinal veins) were 

cut ta provide an outflow path for the perfusate. Then, a 27112 gauge needle 

(attached to the perfusion tubing) was inserted into the ventricle and the 

animal was perfused with about Smls of PBS (until the outflow trom the sinus 

venosus was clear). The perfusion tubing was then ft lied with 2% 

paraformaldehyde (pH7.4) which was allowed ta flow through the animal's 

blood vessels for 20-30min at a speed of 1 .2mls/min on a Model 203 

peristaltic pump (Fisher scientific co.). When perfusion was over, the brain 

and/or optic nerves and viscera was carefully removed and Incubated 

sequentially in 2% paratormaldehyde for 20mÎn and in 20% sucrose (4°C) 

for 2hrs (or more). 

The tissue was then frozen in carbonic ice followed by mounting on a 

sectioning plate, as described above. 

SECTIONING 

The tissue was sectioned in the cryostat chamber at -120C (fresh frozen) 

or -20°C (formaldehyde-fixed) at a thlckness of 12Jlm. Sections were 

mounted on gelatin/chrome alum-subbed slides by apposition. The 

mounted tissue was then postfixed with cold ethanol and acetone (2 minutes 

in ethanol followed by 30 seconds in acetone) in the case of fresh-frozen 

sections. 

LABELING 

The sections were incubated for 2hrs in 2% goat serum/PBS, then, 

overnight in the primary antibody mixture (1 :500 mouse anti-goldfish 
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antibodies, 1 % goat serum in PBS). [Note that in the ease of perfused 

sections, 1 % triton- X-l 00 was used in the primary and secondary antlbody 

mixtures] The sections were th en washed 3 times for 1Smin in PBS, after 

which they were incubated in the fluorescein isothlocyanate (FITC)­

conjugated secondary antlbody solution (1 % goat anti-mouse/FITC - Zymed 

laboratories me. - 1 % goat serum in PBS). Washmg was repeated as 

bafore. 

The slides were then dipped for 1 min in a Nuclear Yellow solution (90~1 

of nuclear yellow stock (3mg/ml) in SOmis distilled H20), after which they 

were washed as before, the rubber washer was dlscarded and the slides 

were mounted with a few drops of mounting medium (glycerol:carbonate 

buffer/1 :1, pH9.0). 

VISUALIZATION 

After mounting, the edge of the caver slip was sealed with nail polish ta 

prevent evaporation of the mounting medium and movement of the 

coverslip. The sections were viewed wlth oillmmersion optics under blue 

Iight excitation with a Leitz 12 cube for FITC fluorescence, or under UV 

excitation with a Leitz A cube for nuclear yellow fluorescence, on a Leitz 

Dialux-20 microscope. 
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ANAL YTICAL METHODS 

ISOLATION OF IMMUNOGENS 

Two immunogens, with different purity levels were isolated with the 

techniques of differential or sucrose step gradient centrifugation, and used to 

produce polyclonal antibodies in mice, with the aim of obtaining brain cell 

membrane specifie antibodies. Briefly,the tirst immunogen was isolated as 

follows: goldfish brains were homogenized and, following two-step 

differential centrifugation. a crude membrane pellet was obtained (figure 

1 A). This fraction corresponds to the second pellet obtained through the 

procedure and therefore will be referred to as the P2 pellet. The P2 pellet 

was embedded in epoxy resin and stained (as described in mate rials and 

methods) for electron microscopy visualization. Electron micrographs of this 

fraction indicate the presence of synaptosomes, mitochondria, membranes 

and myelin sheaths (figure 2). This crude membrane pellet was used as the 

immunogen ta produce an antiserum which 1 will reter ta as anti-P2 

antiserum. 

The second imrnunogen was a purified membrane fraction obtained by 

separating the crude membrane pellet through a three-step sucrase 
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A) Diagrammatic representation of the procedure carried out to harvest a 
punfied goldfish brain membrane fraction. 

B) SOS-PAGE of the various fractions obtained in the membrane purification 
procedure. Lane 1: mitochondrial pellet, lane 2: membrane fraction, lane 3: 
my'elin fraction, lane 4: crude membrane pellet (P2), lane 5: S2, lane 6: S1, lane 
7: P1, lane 8: crude homogenate, Molecular weight marker positions are 
indicated. Lane 2: dots trom top to bottom: 99Kd, 84Kd, 72Kd, 58Kd and 41 Kd 
(these correspond, in molecular weight, to the bands bound by the antibodies 
produced thereafter, that are referred to in the text). Molecular weight marker 
positions are indicated on the left by fructose-6-phosphate kinase: 84Kd, 
pyruvate kinase: 58Kd, fumarase: 48.5Kd (prestained markers); and on the rig~t 
by phosphorylase b: 97Kd, bovine serum albumin: 67Kd,ovalbumin: 43Kd, and 
soybean trypsin inhibitor: 30Kd. 
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flg)utl 2 

Representative electron micrograph of the crude membrane fraction (P2) 
derived from differential centrifugation of goldfish (Carassius aura tus) brains. 
M: plasma membrane, mt: mitochondrion, ml: compact myehn sheath, s: 
synaptosome. Bar: O.5J.1m . 
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gradient. Figure 1 A shows a flow chart of the procedure The three mam 

constituents of the P2 pellet. namely myeltn. membranes (mcludmg 

synaptosomal membranes) and mltochondna cou Id be separated by 

centnfugatlon through the 10/32/36 % sucrose layers, alter submlttmg the P2 

pellet to osmotlc shock treatment ln a hypotonlc buffer solution (m order to 

break open the resealed plasma membranes) The membrane ghosts. 

whlch had resealed. were found at the 32/36 % sucrase Interface. together 

wlth sorne sparse golgl stacKs (ligure 3) This membrane fraction. cont3.med 

43% of the total ouabam-sensltlve Na+.K+ ATPase (a plasma membrane 

enzyme marker) actlvlty (Table 1). The contamination 01 thls fractIOn by 

myelin and mltochondna was minimal. accounttng for only 3% of total cychc 

nucleotlde phosphohydrolase (a myehn enzyme marker) and 5% of total 

cytochrome-C oxidase (a mltochondrial enzyme marker) actlvlty (Table 1). 

As a consequence. mltochondrla could sometlmes be observed ln the 

membrane fraction (figure 4A) Sparse synaptosomes could also be 

observed, an example of whlch IS shown ln figure 4B. The synaptosomal 

contamination was not quantltatlvely exammed but It was assumed that a 

proportion of the membranes ln th,s fraction, would be synaptosomalln 

nature (Mickey et al 1971). Tlle compact myelm sheaths, havmg a hlgh 

lipid:protein mass ratio (Elam and Cancalon 1987), were found at the 10/32 

% sucrose Interface. The electron microscopie profile of thls fraction (figure 

5A) shows the compact myelm sheaths, mostly mtact, together wlth other cell 

components whlch had not been altered (because of myeltn sheath 

protection) dunng the membrane extraction procedure. This may explaln the 

presence of hlgh levels of the membrane and mltochondnal enzyme 

markers of 55% and 41 % respectlvely (Table 1) However, mast of the 

myelin was found in thls fraction - 97% - (Table 1) Mitochondna, whlch 

were not extenslvely altered by osmotlc shock treatment, kept a hlgh denSlty 
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Summary compilation of the enzyme marker assays (CNPase- myelin marker, 
ATPase- plasma membrane marker, Cytochrome-C-oxidase- mitochondrial 
marker) showing the specifie and total activity found in each of the indicated 
fractions as obtained from sucrase step gradient centrifugation of crude goldfish 
brain membranes (P2 fraction). These fractions were collected on the sucrose 
interfaces diagrammatically represented on the left. 
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flgur, 3 

Representative electron micrograph of the go/dfish brain membrane fraction 
collected from a 32/36 % sucrose interface following step gradient 
centrifugation of the crude membrane fraction (P2). M: resealed membrane 
ghosts. g: golgi stacks. Bar: O.5~m. 
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and were harvested as a pellet at the bottom of the 36% sucrose layer 

(figure SB). Fifty four percent of the enzyme marker activlty was found in this 

fraction (Table 1). The membrane fraction was pooled and used as 

immunogen in a second group of mica to produce an antiserum which 1 will 

refer to as ami-membrane antiserum. 

The degree of protein purification yielded throughout the membrane 

extraction procedures was followed electrophoretically by separating the 

different fractions obtained (through a 10% SDS-polyaerylamide gel after 

detergent solubllization), and qualitatively examming the variations in 

staining intensity of the different protein bands (figure 1 B). The erude 

membrane (P2) fraction (figure 1 B. lane 4) had essentially the same 

electrophoretic profile as the membrane fraction (figure 1 B, lane 2). 

DETERMINATION OF ANTISERUM REACTIVITIES 

The two immunogens (P2 and purified membrane fraction) were each 

injected into 4 mice for the production of polyelonal antisera. In each cage. a 

fifth mouse was not mjected and served as a non-immune control. In eaeh 

group. the antisera harvested from ail 4 mice differed only slightly on the 

basis of antlbody tlter and reactivity. as determined by Western blot analysis 

(figure 6). With blots of P2 proteins tram the goldfish brain, the binding 

pattern of the anti-membrane antisera trom mlce '-4 (fîgure 6A, lanls '-4 

respeetively) were simllar with respect to bands at approximate molecular 

weights of 99Kd. 72Kd and 41 Kd. High molecular weight protein bands 

(molecular weights greater than 200Kd) were al 50 stained. The variations in 

the antisera produced are summarized as follows: 1) mou se , produced an 

antlbody against a prote in migrating wlth approximate molecular weight of 
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Electron micrograph of the goldfish brain membrane fraction showing 
particulate contamination by mitochondria (A) and synaptosomes (B). M: 
resealed membrane ghosts, s: synaptosomes, mt: mitochondrion. Bar: 
O.5j.lm. 
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Representative electron micrograph views of the goldfish brain myelin (A) 
and mitochondrial (8) fractions. The myelin fraction was harvested at a 
10/32 % sucrase interface following step gradient centrifugation of the crude 
membrane fraction (P2), and the mitochondrial fraction was recovered in the 
pellet below the 36% sucrase layer. ml: compact myelin sheaths, mt: 
mitochondrion. Bar: 0.5Ilm. 
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61 Kd which was not found in the other antisera but, on the other hand, did 

not possess reactivities against 2 protein doublets at 84Kd and 58Kd found 

in the other 3 antisera; 2) antisera trom mice 2 and 3 bound to a 36Kd 

protein which reactivity was not obtained with the antlserum trom mouse 4. 

The non~immune control (figure 6A, lane 5) did not yleld detectable reactivity 

with any of the goldfish brain P2 proteins. 

The anti·P2 antisera had a different reactivity spectrum as compared to 

the anti-membrane antisera (figure SB). The major reactivity bands were 

observed at 72Kd and 41 Kd and present in ail antlsera (Ianes 1-4). The 4 

mice injected with the P2 mixture showed similar reactivity spectra to each 

other, although mou se 1 yielded a much lower titer than the others (figure 

6B, lane 1) with only reactivity ta 3 protein bands from a crude goldfish brain 

extract, migrating to 72Kd, 41 Kd and 36Kd approximate molecular weights. 

Antisera from mice 2, 3, and 4 were similar except that mouse 3 did not 

produce an antibody against a protein mlgrating as a broad band spanning 

molecular weights 56Kd~60Kd, and that mouse 4 produced an antibody 

against a single band migrating at 49Kd. These 3 antisera (ie. trom mice 2, 

3, and 4) WerE! pooled to increase the total antiserum volume to be utilized in 

subsequent experiments. The final, pooled antlserum (figure 6B, lane 6) 

had a broad reactivity spectrum, summarized as follows: major reactivities at 

72Kd and 41 Kd and in the high molecular weight range (>200Kd), minor 

reactivities at 99Kd and 35Kd and a broad band reactivlty around 90Kd and 

58Kd. The pre-immune control, in this series, showed a weak reactivity at 

72Kd. 
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A) Immunoblotting patterns for each of the antisera obtained by injecting 4 

mice with the same mixture of purified goldfish brain membranes. The 
antisera were reacted to goldfish brain crude membrane proteins. A control 
serum pattern is also shown (Iane 5), in that case, the serum was obtained 

from a non-immunized control. Lanes 1-4: antisera obtained tram mice 1-4 
respectively. Dots on the right of each lane, trom top to bottom: 99Kd, 72Kd, 
41 Kd and 36Kd. These correspond, in molecular weight, to the protein 
bands referred to in the text. 

8) Immunoblotting patterns for each of the antisera obtained by injecting 4 
mice with the same mixture of goldfish P2 proteins. The antisera were 
reaeted ta a erude homogenate of goldfish brain. Lanes 1u 4: antisera 
obtained from mice 1-4 respectively. A non-immune control (obtained as 

deseribed above) is also included (Iana 5). Lane 6 represents the 
immunoblotting pattern of pooled sera from mice 2, 3 and 4. Indieated 

bands as in A. 
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PURIfiCATION Of THE ANTISEBA 

Since the aim of this study was to obtain goldfish brain-specifie antibody 

probes which would bind ta cell membranes, and because the 2 types of 

antisera obtained (anti-P2 antlserum and antl-membrane antiserum) were 

shawn to cross-react wlth heterologous organs (figure 7B and 9B, panel 1 ) 

and also because of theïr broad reactlvity wlth the brain proteins themselves, 

antibody pUrification procedures were felt necessary. 

Anti~membrane antiseruCD 

Both the brain and optic nerve, are part of the central nervous system and 

therefore, they are expected to share a body of proteins in common. Thus, 

absorption of the anti-membrane antiserum with goldflsh optÎc nerve crude 

membranes was undertaken in arder ta "ftne-tune" the speci1icity of the 

antiserum towards brain protems.The anti-membrane antiserum, when 

challenged ta an optic nerve erude membrane immobiltzed onto 

nitrocellulose (figure 7A), was shawn to cross-react with 3 protein bands of 

123Kd, 55Kd and 41 Kd approximate molecular weights. Of these 3 

reactivities, the ones against the 41 Kd and 123Kd pratein bands were also 

present in the brain, however, the 55Kd protein rray be optic nerve-specific 

because the antiserum dld not bind ta a brain prote," at a correspondmg 

molecular welght. After absorption, the resultmg antlserum was however still 

reactive agamst the optlC nerve proteins at 55Kd with some weak residual 

activity at 41 Kd (figure 7B, lane 1). Such results mlght be due ta the 

differential centrifugation technique used for P2 isolatIon, whlch cannat be 

100% reproduclble, thu::, only a subtle variation in experimental conditions 

may posslbly have excluded the 55Kd prote," tram the nerve P2 extract 
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used as absorbent. On the other hand, it was observed tram these 

absorption results, that the antiserum could be depleted of sorne of its brain­

directed reactlvltles (eg. the protems wlth molecular weights greater th an 

, OOKd and lower than 36Kd. Because thls absorption procedure did not 

extenslvely purify the antlsera. 1 tned a dlfferent procedure ln whlch the 

major reactlve antlbodles were eluted from Immunoblots (figure BA) and the 

band-speclflc antibodles were then concentrated and reacted wlth P2 

proteins on a Western blot (figure 8B). The bands whlch were eluted and 

concentrated mdependently were the ones dlrected agalnst proteins at 

99Kd, 84Kd, 72Kd. 58 Kd (broad band) and 41 Kd (correspondmg 

antibodies' m99, m84, m72, m58, and m41) (figure BA). As demonstrated on 

figure 8B, the eluted antlbodies ail reacted with a protetn doublet at 84Kd. 

Only 2 antlbody elutlons were successful in that. apart from the cross­

reactivity with the 84Kd band, the antibody specificlty was directed against 

the same protein band it was eluted trom, these are the m99 and m72 

antibodies (figure 8B, lanes 1 and 3 respectlvely) The m84 antibody only 

reacted with a protetn doublet mlgrating to 84Kd. The other antibodies (mS8 

and m41) did not show any band-specific binding, although the y did show 

cross-reactivlty with the 84Kd doublet (figure 8B, lanes 4 and 5 respectively). 

Anti-P2 antiserum 

The anti-P2 antiserum had broad heterologous tissue reactlvity when 

assayed with extracts of goldfish viscera (spleen. liver, intestines and 

mesentery) or skeletal muscle (figure 9B, panel 1 ). Therefore, it was 

absorbed wlth crude homogenates from vîscera and muscle of whlch the 

electrophoresis patterns are shown in figure 9A. When the antlserum was 
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A) Immunoblotting pattern of the anti-membrane antiserum (from mouse 1) 
reacted to P2 proteins trom goldflsh optic nerves (Iane 1) and brain (Iane 2). 
Protein bands indlcated (trom top to bottom: 123Kd, 55Kd and 41 Kd) are 
referred to ln the text. 

8) Immunoblotting pattern of the anti-membrane antiserum (from mouse 1) 
absorbed with a goldfish optic nerve crude membrane (P2) protein fraction, 
reacted to P2 protein spectrum from goldflsh optic nerves (Iane 1) and brain 
(Iane 2). Protein bands indicated (trom top to bottom: 99Kd, 72Kd, 41 Kd 
and 36Kd) are referred to in the text. 

65 



A B 

1 



1 

A) Immunoblotting pattern of the anti-membrane antiserum (from mouse 4) 
raactad ta P2 proteins trom goldfish brain. Arrows on the right point to the 
ragions of the blots from which antibody was eluted. Tha numbers indicata 
the relative molecular weights at each level. These numbers were used to 
identify the eluted antibod/es (eg, ant/body m99 was eluted fram the blot at 
the 99Kd relative molecular weight position). 

B) Immunoblotting patterns of the antibodies eluted trom a blot (as shown in 
A) and used to probe a goldfish brain P2 protein mixture. Arrows on the right 
of each lane indicate the position from which the antibodies were eluted for 
each band. Lanes 1-5: immunoblotting patterns of m99. m84, m72, m58 and 
m41 antibodies respectively. 
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absorbed with viscera, it was substantially depleted of immunoreactivity 

directed to proteins at molecular weights: 1) greater than 72Kd, 2) smaller 

than 36Kd, and 3) between 58Kd and 72Kd (figure 98, panel 2). However, 

the absorption of the antlserum was not complete slnce It still reacted 

against the visceral 72Kd proteln. When the antlserum was absorbed with a 

crude homogenate of skeletal muscle, antlbodies agamst a muscle protein 

band just below 41 Kd was also removed (figure 98. panel 3). Once more, 

the absorption was not complete smee muscle proteins (meludmg the 72Kd 

protein) could still be immunostalned followmg absorption (figure 9B. panel 

3). When the antlserum was absorbed wlth crude brain homogenates, most 

reactivities dlsappeared except for resldual bmdlng of the 72Kd and 41 Kd 

proteins, again suggesting incomplete absorptIon. Of the protein bands 

present in the brain but not in the muscle or viscera crude extracts, the 

reactivity spectrum of the antl-P2 antiserum could be shown (figure 10A) to 

delineate 3 bands with molecular welghts of approxlmately 47Kd. 41 Kd and 

36Kd (corresponding antibadles: P47, P41 and P36). Antlbodles bound to 

these protein bands were eluted, concentrated and then rehybridized onto a 

crude homogenate pratein spectrum of brain, muscles and viseera (figure 

10A and 8). P41 seemed to be the mast reactlve antlbody (figure 108 panel 

3). However, this antibody greatly cross-reaeted with the 72Kd protein found 

in the brain as weil as muscles and viscera, and also mmimally with other 

protems with broad moleeular weight distribution in ail 3 tissues tested. 

These results are in sharp contrast to the elutlon results obtalned wlth the 

anti-membrane antiserum (see earl/er, figure 8), where r.. much lower level of 

cross-reaetlvity was observed in the bram tissue. ThiS was further examined 

(figure 11). P41 was absorbed wlth the 41 Kd protem band (bound to 

nitrocellulose) and It was observed that thls treatment could completely 

deplete the eluted antibody of specifie as weil as non-specifie reactivities 

(fIgure 11, panel 3). It was also found that the pre Immune serum in this 
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leries bound weakly to sorne of the antigens, recognized by the immune 

sera (figure l' ,paneI4). If such endogenous activity was also present in the 

immunized am mal, it was absorbed out by the 41 Kd protein (figure 11, panel 

3). 
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A) SDS·PAGE of a crude homogenate of goldfish brain (B), abdominal wall 
muscles (M) and viscera (V - liver, spleen, intestines and mesentery). 

B) Immunoblotting pattern of the native anti-P2 antiserum (panel 1), the 
antiserum absorbed with a crude homogenate of goldfish viscera (panel 2), 
crude muscle homogenate (panel 3), and brain homogenate (panel 4). The 
various antisera were reacted with crude homogenates trom goldfish viscera 
(V), muscles (M) or brain (B). Protein bands indicated by dots on the right 
(trom top to bottom: 72Kd, 41 Kd and 36Kd) are referred to in the text. 
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A) Immunoblotting pattern of the anti-P2 antiserum reacted with total goldfish 
brain proteins. Arrows on the right point to the levels from which antibodies 
wera eluted. The antibodles are referred to by the relative molecular weight 
from which they were eluted (eg. P41). 

8) Immunoblotting patterns of the antibodies eluted from the blot shown in A 
and used to probe a goldfish viscera (V), muscle (M) or brain (8) protein 
mixture. Arrows on the right of each lane indicate the position from which 
the antibodies were eluted for each band. Panel 1: immunoblotting pattern 
of native antiserum. Panels 2-4: immunoblotting pattern of P47, P41 and P36 
antibodies respectively. 

73 



• 

e 
V M B 

~~p~J 
MW , 

or .. 

84- " 

....... --
58- T .., 

485-

1 

.. 

MW 

84-

58-&! 
48.5-' , .. P47 

___ .. P41 

U .. P36 

V M B 

--... _- ------
~.n .. 

2 3 

V M 8 

---

4 



t 

Immunoblotting patterns of the native anti·P2 antiserum (panel 1 ), the P41 
antibody (panel 2), the P41 antibody absorbed with a purified protein 
derived trom a nitrocellulose·immobilized 41 Kd band strip (panel 3), and 
non-immune serum (panel 4). Arrows on the right indicate the position of the 
41 Kd protein. The various antisera were reacted with goldfish brain (B), 
viscera (V) and muscle (M) proteins. 
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IMMUNOFLUORESCENCE LABELING WITH ANTI-P2 

ANTISERUM 

ln order to assess the topographlcal distribution of the antigens 

recognized by the anti·P2 antiserum in its native and purifled forms, coronal 

sections were prepared (12Ilm) from the 4% paraformaldehyde-flxed 

goldfish CNS (mldbraln, forebrain, optic nerve, and retlna) as weil as from 

other tissues ln the goldflsh (Intestines, Ilver, spleen, skeletal muscle, and 

testes). Ihese were Incubated ln a 1 :500 dilution of the antlserum solutions. 

For the CNS, the focus of interest was the optlC tectum of the the midbrain 

(figure 12A and B). The optic tectum, in the goldfish as weil as other teleost 

fish, forms the bulk of the midbrain roof (figure 12A) and IS the largest visual 

center in the bram. Because of interest in visual processing, the anatomy of 

the goldfish optlC tectum has been frequently studied (Ramàn 1899, Attardi 

and Sperry 1963, Sharma 1972, Meek and Schellart 1978, Romeskle and 

Sharma 1979,). Caudally, the valvulae cerebelll penetrate under the optic 

lobes. A representative cross-section is shown in figure 12C as an example 

of the coronal plane which was routinely prepared for immunohistochemical 

localization of brain antigens. 

CONTROL 

ln order to properly interpret the immunohistochemistry results, the 

endogenous production, by mlce, of anti-goldfish antibodies, had to be 

considered. The type of labeling routinely observed in the presence of the 

preimmune serum consisted of dull background labeling that was observed 

ln ail tissues tested (see figures 13-20). Aside from that type of labeling, the 

following tissues showed addltional fluorescence in certain areas: 1 )Ihere 
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A) Dorsal view of the goldfish brain, showing major structures. of which the 
optic tectum (ot) was studied in particular. 

B) Lateral view of the goldfish brain. 

C) Transverse section through the mid-Ievel of the optic tectum (the plane of 
section is indlcated by the verticalline in A and B). The goldfish optic tectum 
(ot) is organized in a lammar fashion, it is bounded mternally by the 
ependymal zone (e) which is adjacent to the tectal ventricle (tv), and 
externally. by the pia mater (pm). The valvulae cerebelll (VC) occupies the 
ventricular space at this level. The molecular (Vern) and granular (VCg) 
layers of the valvulae are indlcated . 
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1 
was weak labeling of blood vessels (figure 13A) . 2) The retina was labeled 

only in the photoreceptor cell area (figure 15A). 3) The spleen was stained 

in a dotted fashion and sorne sparse aggregations of the fluorescence, 

could be observed (figure 19A). The controllabeling pattern was used as a 

baseline for negatlve signal and consldered ln determlning posItive 

fluorescence labelmg in the followmg studles of mouse antlsera. It has to be 

noted, however, that none of the ImmU!"IOhlstochemical results were studled 

in a quantitative manner and therefore, subtractlon of background labeling 

from positive immunolabeling was only qualitatlvely evaluated. 

NATIVI; ANTISI;RUM 

When goldfish brain sections were stained with the native anti·P2 

antiserum, labeling of blood vessels was seen in ail parts of the tectum 

(figure 21 B). The tectallamlnae were not demarcated by the antÎserum. A 

group of densely packed, large. round cells were also seen, adjacent to the 

tectal ventricle in the ependymallayer (figure 21 Band C). In the 

telencephalon (figure 22), a homogeneously distributed population of 

intensely reactive, irregularly shaped profiles could be vIsible (arrow). 

The remainmg figures m this thesis (figures 13-50) show tissue sections 
reacted with various antlbody preparations. Bound antlbody was visualized 
using an FlIC conjugated secondary antlbody and vlewed wlth blue 
excitation light and a Leitz 12 cube. In man y Instances sections were also 
counterstained with nuclear yellow whlch was visualized with UV excitation 
and a Leitz A cube. 



1 

Figures 13-20 are sections reacted with preimmune control serum. In aU of 
these figures, the tissue is viewed both for Flle fluorescence (in A) and for 
nuclear yellow fluorescence (in 8). 

figura 13 

Cross section through the valvulae cerebelli showing labeling of blood 
vessels (arrow). Bar: 48Jlm. 

Longitudinal section through the optic nerve showing labeling of optic fiber 
bundles (arrows). Bar:48Jlm. 

Cross section through the retina showing autofluorescence of outer 
segments (arrow). Bar: 48Jlm. 

fi~!Jre 15 

Cross section through the intestine showing labeling at the level of the 
epithelieum (arrows) and throughout the tissue. Asterisk: luminar space. 
Bar:48Jlm. 

NOTE: Abreviations used with immunofluorescence figures are listed on 
page 106. 
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Longitudinal section through the skel.tal muscle. Bar: 48JJ.m. 

f!~ur8 Hl 

Cross section through the testes. Bar: 48JJ.m. 

fi~VHt j9 

Cross section through the spleen with densa staining of unidentified cali 
clusters (arrows). Bar: 481lm. 

lFiQU(f) 2Q 

Cross section through the liver showing widespread labeling. Bar: 48JJ.m. 

83 





1 

t 

These may correspond to blood vessels. However. other types of profiles. 

namely small. tilled. intensely stained structures. could also be observed 

(figure 22. arrowhead). This type of structure does not seem to 

morphologlcally correspond ta a blood vessel. Other parts of the central 

nervous system were also wldely ImmunostaJned. Two such examples are 

given in figures 23 and 24. Aillayers of the retlna. except for the outer 

nuclear layer. were dlfferently labeled by the native antlserum ln the outer 

nuclear layer. only a sparse. Intensely labeling cells of unldentlfled nature. 

could be observed. Also. It is noteworthy that. In the outer plexlform layer. 

the antlserum could defme a ce Il population whlch is not unlformly 

distributed because the antigen recognlzed in the outer part of the layer is 

labeled densely (figure 23A, large arrow) as opposed to that ln the Inner part 

of the layer (whlch 15 labeled Itghtly). The optlC nerve. was poorly labeled by 

the antlserum and had a very high background fluorescence (figure 24). 

A considerable amount of cross-reactivity was directed ta other tissues 

such as the intestines. IIver, spleen. skeletal muscle as weil as testes (tlgure 

25-29). In the intestlnes( fiGure 25). immunolabeling at the level of the 

lamina propna was observed. In the IIver. there were very hlghly stained 

varicosities which do not seem Ilkely to correspond ta hepatocytes. owing to 

their large. irregular shape (fIgure 26, arrow) but mlght be bile canallcuh. 

Withm the spleen, the antlserum was dlstributed evenly and wlth low 

i',tensity, however, a more Intense signal was observed at the tissue borders 

,figure 27). This may not be of Importance slnce this type of result is a 

frequent consequence of uneven thickness in the tissue section. Of 

particular Interest, a heavy labelmg was seen on the muscle sections in the 

vicinity of the muscle fiber cel! surface and extracellular matnx (figure 28, 

thick arrow). Intracellular material was also recognlzed by the antlserum 

(figure 28, thin arrow) and appeared as dotted strands in cross sections. It is 
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noteworthy that sorne muscle flbers had a higher diffuse intracellular 

background, that gave them a hazy appearance (figure 28, cell 1 ).were 

recogmzed by the antlbodY(les) whlle other cells (figure 28, cell 2) had a 

clear bétckground). In the testes, there was intense immunolabeltng in the 

vicinity of the connective tissue spaces surroundmg the semlniferous tubules 

(figure 29. arrow) however, sperm cells were lightly stained contributing to 

background observed wlthm the semlnlferous tubules. The patterns of 

immunofluorescence descnbed above for the native antlserum reflects the 

one seen on blots of crude bram, muscles and viscera wl1ere a broad 

reactlvlty spectrum was observed ln the bram, together wlth heterologous 

tissue ooss-reactlvlty and high background (see earlier). 

A6.S0RBED ANIISEBUM 

When the native antlsen lm was absorbed with either skeletal muscles or 

viscera, it tended to cause the detachment of tissue sections from gelatin­

coated slides. This mlght be due to digestion of the fragile tissue mounted 

on the slides by enzymes present in the visceral organs used for absorption. 

Consequently, absorption of the antlserum was céirrled out by repeated 

Incubations wlth 4% paraformaldehyde-flxed tissue sections mounted on 

slides (fermmg a lawn, see matenals and methods). In this protocel, the 

native antlserum was absorbed wlth visee ra (liver, spleen, mesentery, 

intestine) and skeletal muscles together. The immunohistochemicallabeling 

patterns obtained when the antlserum was absorbed 5 consecutive times on 

a section-Iawn, are shawn in figures 30 and 31. In the optic tectum, weil 

labeled neurons were seen in the superficial strata. 
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Figures 21-29 are sections reacted with the native anti-P2 antlserum, 

A) Cross section through the optic tectum ouUining the area shown in B. 

B) Cross-section through the tectum showing labeling of a blood vessel 
profile (arrow). Bar: 40J,!m. 

C) Higher magnification of the ependyma as shown in B, where intense 
labeling of cell-like profiles can be seen (arrows). Bar: 48/lm. 

fl~urQ 22 

Cross section through the forebrain showing labeling of blood vessel 
profiles (long arrows) and cell-like profiles (arrowheads). Note the high 
background reactivity in this structure. Bar: 48/lm. 
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1 EiQure 23 

A) Cross section through the retina showing labeling of cells in the outer 
nuclear layer (short arrows) as weil as labeling in the outer part of the outer 
plexJform layer (long arrows). Bar: 48~lm .. 
B) Correspondmg nuclear yellow fluorescence. 

Longitudinal section through the optic nerve. Bar: 48~m. 

Cross section through the intestine showing labeling at the level of the 
epithelium (arrows). Asterisk: luminar space. Bar: 48~m. 

Cross section through the liver showing dense labeling of unidentified 
profiles (arrow). Bar: 48~m. 

Cross section through the spleen with intense, widespread labeling. Bar: 
48Jlm. 

Cross section through skeletal muscle.The individual muscle cetls are 
labeled at the level of the cell's periphery (thick arrow) and in the 
intracellular space (thin arrow). Also, some muscle cells (1) have a weak 
intracellular background labeling while others (2) have a low intracellular 
background. Bar: 48~m. 

Cross section through the testis. The seminiferous tubules are surrounded 
by dense labeling (arrow - see also figure 50) Bar: 48~m. 
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Figures 30-35 are sections reacted with anti-P2 antiserum absorbed with 4% 
paraformaldehyde-fixed viscera (Iiver, spleen, intestines and mesentery) 
and skeletal muscles. In figure 32. the antlserum was absorbed 9 times 
while in the others It was only absorbed 5 times. 

A) Lateral vlew of the goldfish brain. The verticalline indicates the plane of 
section used in B. 

B) Transverse section through the mid-Ievel of the optic tectum. Area 
outlined corresponds ta areas represented ln C. 

C) Montage of a transverse section through the tectum. Pyramidal cells 
having theïr cell bodies in the SFGS are labeled (arrows) Bar: 20~m. 

D) High magniflcation of a pyramidal cell showing immunofluorescence 
labeling at the level of the dendritic arborizations (d), soma (s), axon (a) and 
axon collaterals (ac). Note that the stratum marginale (SM) is completely 
occupied by the dendritic arborization from the pyramidal ce Ils (arrowheads) 
Bar: 1 O~lm. 

E) Corresponding nuclear yellow labeling pattern of the same area as in 0 
showing a pyramidal cell nucleus (arrow). 
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A} Transverse section through the valvulae cerebe"j showing the area 
represented in figure 31 B and C, and figure 32. 

B) Transverse section of the valvulae cerebelli showing Purkinje cell 
staining (arrows). There is also dens labeling in the molecular layer, while 
the granular layer is only weakly labeled. Bar: 32J.lm. 

C) Corresponding nuclear yellow labeling pattern of the same area as in 8 
showing the Purkinje cell nuclei (arrows). 

fi~urs 32 

A) Transverse section as in 31 B showing Purkinje cell staining (arrows). 
This serum was absorbed 9 times with viscera and muscle. Bar: 32~m. 

B} Corresponding nuclear yellow staining pattern of the same area as in A 
showing the Purkinje cell nuelei (arrows). 
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These cells spanned the regions from the SFGS to the pi al surface. Their 

somata are triangular or pyramidal in shape and are located in the SFGS 

(figure 30C and 0). Thus, these cells were classified as pyramidal cells. 

There was no labeling of the large, ovold nuclei of these cells which thus 

appeared as a transparent vacuole ln the soma (fIgure 30E). The small 

dendritic processes of the tectal pyramidal cells are often densely packed, 

thus forming a highly fluorescent palisade of Intermlngled dendntic trees in 

the stratum marginal! (SM, Figure 300). In contrast ta these dendntic spines, 

the main dendntic and axonal processes, as weil as axon collaterals appear 

much thinner and weakly fluorescent. Elsewhere, in the mldbram, labeling 

is sparse, with the exception of the cerebellum where very large cells, also 

pyramidal in shape, were found at the borderllne between the molecular and 

granular layers of the valvula. This cell type has a very charactenstic 

morphology that make them easlly recognlzable as the Purkinje cells (figure 

31 and 32).The dendntic arborizatlon of the Purkinje cells, fill,"g the 

molecular layer of the valvula cerebelli, was also immunostained. Again, for 

this type of cell, the large. round nuclei were unlabeled (figure 31 C and 

328). When more consecutive absorptions were carned out (9 as opposed 

to 5), with the aim of enhancing the fluorescence signal, there was no 

significant improvement in the labeling intensity (figure 31 Band 32A). 

Using the absorbed antiserum, there was also labellng in the retina and 

optic nerve (figure 33 and 34). In the retina, the labeling was dlspersed 

through alllayers with the exception of the outer nuclear layer and the inner 

part of the outer plexiform layer (figure 33A arrow). Note that this labeling 

pattern was also observed with the native antlserum (figure 23A). The optic 

nerve (figure 34) showed COplOUS background fluorescence, together with 

intense labeling of cell-like profiles (arrows). There was also labeling in the 

liver tissue (figure 35) but, this time, it appeared to be in the form of a 
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punctate signal (arrows) over the hepatic cell nuelei. 

P41 ANTIBOOY 

Specificity of the P41 antibody was imunohistochemically tested 

following elution from immurioblot. The epltopes for this antibody were 

widely distributed in goldflsh nervous (figures 37-42) and non­

nervous(figure 43-46) tissues. In the optic tectum (figure 37), the labeling 

pattern of immunoreactlve blood vessels was essentially similar ta those 

observed with the native anti-P2 antiserum (figure 13A), although here, the 

background labeling seemed greatly reduced. This tendency was also 

observed in the forebrain (figure 39, arrows). This P41 antibody, again, 

similarly ta the native antiserum, intensely labeled cells in the ependymal 

zone (figure 40). In the valvula (figure 38), there was no labeling of the 

Purkinje ceUs, but sparse labeling of varicose profiles ln the granular and 

molecular layers (arrows). The optic nerve was stained very lightly (figure 

41, arrows). The retina (figure 42) bound antibody in ail of its layers except 

for the inner and outer nuclear layers. There was no labeling of cell~like 

structures in the outer nuclear layer, as opposed ta the labelmg pattern seen 

with the native antiserum (see figure 23A). The intestines and the liver were 

stained heavily (figures 43 and 44). The intestine showed intense 

immunolabeling of bath the lamina propria ,and the adventitia. In the liver 

varicose structures were intensely stamed (figure 44, arrows). These 2 

tissues, as compared ta the native reactivity pattern, were stained in a better 

defined manner, oWlng to the great reduction in background fluorescence (cf 

figures 25 and 26). This tendency was also observed in 2 other tissues, 

namely muscle and testes (figure 45 and 46). 
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A) Cross section through the retina showing staining in the outer part of the 
outer plexiform layer (large arrow). There is also intense labeling of ceUs in 
the inner nuclear layer (sma" arrows). Bar: 40llm. 

B) Corresponding nuclear yellow fluorescence. Arrow: ganglion cell. 

Longitudinal section through the optic nerve. Profiles of unknown nature are 
stained intensely (arrows). Bar: 24~m. 

Cross section through the liver. Punctate labeling is seen homogeneously 
distributed across the tissue (arrows). Bar: 40~m. 
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Figures 37-46 are sections reacted with the P41 antibody (obtained by blot 
elution, followed by concentration) used at a concentration of 1 % (relative to 
its concentration in the native anti·P2 antiserum). Figures 37-40 and 42 
have both FITe Immunofluorescence (A) and corresponding nuclear yellow 
(8) labeling patterns. 

Transverse section through the mid-Ievel of the optic tectum showing the 
area depicted in figure 37 (square 1). and figure 38 (square 2). 

Cross section through n1e optic tectum showing blood vessel labeling 
(arrow). Bar: 32~m. 

Cross section through the cerebellum. Purkinje ce Ils are not labeled by this 
antibody, but instead, punctate profiles can be observed both in the granular 
and molecular layers ,)f the valvulae (arrows). Bar: 4811m. 

fi~urs 39 

Cross section through the telencephalon showing blood vessel profiles 
(arrow). Bar: 48~m. 

~urQ 40 
Cross section through the optic tectum in the ependymallayer area. Dense 
cell-like profile labeling can clearly be observed in this layer (arrows). Bar: 

3211m. 
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Longitudinal section through the optic narve showing labeling of unidentified 

profiles. Bar: 481lffi. 

A) Cross section through the retina. There is no staining in the outer and 
inner nuelear layers (Iayers 2 and 4 respectively). Bar: 481lm. 

B) Correspondmg nuclear yellow staining pattern of the same area as in B. 
Arrow: ganglion cell. Layer 1: photoreeeptor celllayer, 2: outer nuclear 
layer, 3: outer plexiform layer, 4: ioner nuelear layer, 5: inner plexiform layer, 

6: ganglion cell layer. 

fi~un3 43 

Cross section through the intestines showing immunolabeling at the level of 
the lamina propria (long arrow) and the adventitia (short arrow). Asterisk: 

luminar space. Bar: 481lm. 

Cross section through the liver. Intense, widespread labeling of unidentified 
profiles is observed (arrows). Bar: 48j.lffi. 

Cross section through the muscle showing labeling at the level of the cell 
surface and the extraeellular matrix (arrow, see also figure 49),and 
intracellularly as weil (arrowhead). Bar: 48j.lm. 

Cross section through testeshowing labeling at the level of the extracellular 
matrix where it invests the seminiferous tubule (arrow, see also figure 50). 

Bar: 481lm. 
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Figures 47~50 are sections reacted with rabbit antibody directed against 
mouse laminin used at a dilution of 1 :100 on ethanol/acetone-fixed tissue. 
Or. R. L. Levine performed this experiment. 

Cross section through the optic tectum showing labeling of blood vessels 
(long arrow) as weil as pia mater (short arrow) . Bar: 4011m. 

fIQU[§ 48 

Longitudinal section through the optic nerve showing labeling of blood 
vessels (long arrow) as weil as pia mater (short arrow). Bar: 40~m. 

Cross section through the skeletal muscles where labeling of the 
extracellular matrix is seen (arrow). Bar: 40J.1m. 

Cross section through the testes. The seminiferous tubules are surrounded 
by extracellular matrix which is densely labeled (arrow) Bar: 40J.1m. 
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An example of such staining pattern obtained with laminin is shown in 
figures 47-50. There, the distribution of this extracellular matrix protein in 
muscles and testes corresponds ta the one observed with the P41 antibody 
except for intracellular labeling of muscle cells with the latter (figure 45, 
arrowhead). However, due ta the use of rabbit an ,erum, conspicuous 
background fluorescence can be seen over the muscle fiber intracellular 
material and over the spermatie cells. In the optic teetum (figure 47), there is 
intense immunùfluorescence labeling of the pia mater (short arrow) and over 
blood vessels (long arrow). This type of labeling is in contrast to the one 
obtained with the P41 antibody as it is better defined, more specifie. In the 
optic nerve (figure 48) labeling is again observed in the pia mater (short 
arrow) as weil as around blood vessels (long arrow). 
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bs: brain stem 
c: cerebellum 
e: ependymal zone 
h: hypothalamus 

LIST OF ABBREVIATIONS 

MLF: nucleus of the medial longitudinal fasciculus 
01: olfactory nerve 
on: optic nerve 
ot: optic tectum 
pm: pia mater 
t: telencephalon 
tl: torus longitudinalis 
ts: torus semicircularis 
tv: tectal ventricle 
VCg: granular layer of the valvula cerebelli 
vern: molecular layer of the valvula cerebelli 
vi: vagal lobe 

GeL: ganglion cell layer 
INL: inner nuclear layer 
IPL: inner plexiform layer 
ONL: outer nuclear layer 
OPL: outer plexiform layer 
PR: photoreceptor layer 

SFGS: stratum fibroseum et griseum superficiale 
SGC: stratum griseum centrale 
SM: stratum marginale 
SO: stratum opticum 
SPV: stratum periventriculare 

ST: seminiferous tubule 
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RESUL T5 OVERVIEW 

ln the hope of eliciting antibodies primarily directed at the surface of 

goldfish brain cells, 1 have isolated ,ractions of brain membranes and used 

them to immunize mice. For t~lis purpose, two protocols were followed, in 

which the immunogen was either ln the form of a crude membrane fraction 

(P2) isolated by differential centrifugation, or further purifled by separating 

the crude membrane fraction through a 3-step sucrose gradient. These two 

immunogens had a more or less similar protein content (as determined 

electrophoretically with Coomassie Blue staining) however, contamination 

by myelin and mitochondria, assessed by electron microscopy, was 

considerable in the crude membrane fraction while it appeared negligible in 

the purified fraction 

The antisera described in this thesis were studied with regard both ta the 

spectrum of antibody reactivities they contained and to the distnbution, in 

goldfish tissues, of the various antigens recognized by mouse antisera 

against the crude goldfish brain membrane preparation. 

Immunoblotting analysis showed that each immunization protocol led ta 

the production of similar antibodies in mice and that the two types of antisera 

(anti-P2 and anti-membrane) obtained had a broad range of reactivities to 

goldfish proteins in the brain and other organs. However, major immuno-
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reactivity was seen at 99Kd and 41 Kd with the antl-membrane antisera, and 

at 72Kd and 41 Kd with the anti-P2 antisera. The native anti-P2 antiserum 

was assayed immunohistochemlcally on sections of various goldfish organs 

and it was observed that the broad reactivlty seen on immunoblots was 

reflected in the results since in ail tissues tested, there was wldespread 

background reactivity as weil a~ heavy labeling of various structures. 

With the objective of depleting these antisera of non-brain cross­

reactivities. absorption with heterologous organs was perlormed. The anti­

membrane antiserum. when absorbed wlth a crude membrane preparation 

trom the goldfish opti..:. nerve. was depleted of background reactivities on 

immunoblots, (in the high - >1 OOKd - and low - <36Kd - molecular weight 

ranges) and major reactivities at 99Kd and 41 kd were enhanced. However, 

the binding at 41 Kd was also seen in the optic nerve after absorption. 

therefore suggesting incomplete absorption of the anti-membrane antiserum 

with optic nerve. Similarly, the anti-P2 antiserum was depleted of 

background reactivity when absorbed with goldfish viscera or skeletal 

muscle. although a major reactivity at 72Kd in the brain, which was also 

seen in the crude visceral and muscle extracts, still remained after 

absorption with these preparations, therefore once again suggesting 

incomplete absorption of the antiserum. Another absorption protocol was 

used with the anti-P2 antiserum, where paraformaldehyde-fixed sections of 

viscera and skeletal muscle were used as the absorbant. In that case, with 

indirect immunofluorescence microscopy, the absorbed antiserum was 

relatively specifie for two types of cells, the tectal pyramidal cells and the 

cerebellar Purkinje cells ln the fixed goldfish brain. 

Various antibodies were eluted from immunoblots of both antisera. In the 

case of the anti-membrane antisera, five antibodies were eluted (at 99Kd, 
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84Kd, 58Kd, 41 Kd and 36Kd), concentrated, and then reacted to blats 

containing crude brain membrane preparations. Ali of the antibodies eluted 

could react with a protein migrating to 84Kd and, apart from this cross­

reactivity, two antibodies (against 99Kd and 72Kd protein bands) were 

successful in binding the protein they wece eluted fram. Similarly, three 

antibodies trom the anti-P2 antiserum, were e!uted (at 58Kd, 41 Kd and 

36Kd) and, ail were shown to cross-react wlth a band at 72Kd. When the 

antibody eluted tram the band at 41 Kd (P41) was assayed immunahisto­

chemically, It bound nervous as weil as non-nervous tissues in a manner 

that suggest a general association with the ceU surface and extracellular 

materia!. 

COMPARISON OF THE 2 IMMUNIZATION PROTOCOLS USED 

Based on the assumption that the purity of the immunogen is in direct 

relation with the purity of the antibody produced, the refinement of the 

fractions used to produce the antibody and characterize it was, of course, 

critical ta the value and future usefulness of my experiments. Moreover, by 

using a purified immunogen (the membrane fraction), it was expected that 

less purification procedures would be needed in ordor ta obtBin the desired 

membrane-directed antlbodies. A variety of methods have been used ta 

isolate the immunogens with the aim of producing antibodies dlrected 

against synaptlc membrane (OeRobertls et al. 1968, Mickey et al. 1971, 

Bock et al. 1974, Herschman et al. 1972, Williams et al. 1985, Grumet et al. 

1984, Barnstable et al. 1983, Mallet et al. 1979), and as noted in the'se 

studies, even the best preparations are likely to be heavily contaminated by 

subcellular constituents other than membranes (eg. mltochondria) and also 

by non-neuronal material (eg. myelin membranes). My own observation, 
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1 using electron microscopy, that the crude and purified membrane fractions 

both contained mitochondria and golgi stacks are in agreement with these 

studies. Nevertheless, the punfied membrane fraction, as opposed to the 

crude membrane fraction, contained only sparse mitochondria and no 

myelin fragments as assessed by electron microscopy. Moreover, it was 

shown by marker enzyme assays that contamination of the purified 

membrane fraction with mitochondria and myelin was respectively of only 

5% and 3% of the total activity of the se enzymes found in the gradient. 

Consequently, it appears that the membrane fraction 1 prepared was 

reasonably pure. 

Examination of the crude and purified membrane proteins by gel 

electrophoresis and Coomassie Blue staining showed that bath membrane 

preparations were similar with regard to their protein compositIon. Although 

there was a high degree of heterogeneity in the antigen population in both 

cases, a comparison of the protein spectrum in the membrane fraction with 

that of the 82 supernatant led to the observation that many protein bands 

had been lost through the purification procedure. These proteins present in 

the 82 supernatant but absent (or with a largely diminished relative 

concentration) in the crude or purified membrane fraction are likely consti­

tuents of the rough and smooth endoplasmic reticulum, lysosomes, golgi 

apparatus and soluble cytoplasmie proteins (for example, cytoskeletal 

proteins) (Graham 1987). Moreover, a comparison of the purified membrane 

fraction with the myelin fraction shows that low molecular weight proteins 

«40Kd) - which are charactenstic constituents of the myelin (Elam 1974, 

Roots et al. 1984) - are largely absent trom the membrane fraction. Also, it is 

worth mentioning that a specifie protein band migrating to an approximate 

molecular weight of 100Kd, was enriched in both membrane preparations. 
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This protein band might then weil be attributed to the membrane fraction in 

the same manner as the subcellular distribution of membrane-specifie 

marker enzymes are determined. Schlossauer, recently (1989) revlewed 

the different protocols used for isolation of punfied membrane immunogens 

and observed that although the punfication of membrane fractions using 

centrifugation techniques (as in the present investigation) has the advantage 

of simplicity and rapldlty, this approach is insufflcient in terms of enrichment 

of cell surface markers (eg. Na+,K+~ATPase, 5'nucleo~idase enzyme 

markers). He reports that the heterogeneous nature of the membrane 

preparation mlght prevent the production of antibodies against some 

proteins of Interest but wlth low antigeniclty slnee the Immune reaction would 

be shifted towards the production of antibodies only to the proteins with high 

antigenicity. Therefore this author makes the suggestion that membrane 

protein purification procedures through centrifugation techniques should be 

used in conjunction with leetin affinity ehromatography (where the 

membrane preparation is passed over a lentil leetin column after which the 

glycoproteins retained by the eolumn are eluted) and that known proteins of 

high antigeniclty should be depleted trom the glycoprotetn mixture before 

injection. However, the problem that would obviously arise in using the 

methods suggested by Schlossauer (1989 ~ who was concerned with the 

isolation of rat brain membrane proteins) wlth the goldflsh, would be the 

reduction in immunogen volume to a level too low for antibody production in 

mice unless extrernely large quantlties of goldfish bralns were utilized (8 

goldfish brains/immunization schedule were utiiized in the present study). 

Both types of antisera obtained ln the present study. were shown by 

immunoblotting, to recognize many prote!ns in the goldfish brain. This type 

of broad immune reaction is not an uncommon property of heterologous 

antisera. and reactivities of this type have often been obtained by other 
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investigators when dealing with a minimally-punfied immunogen (Golub 

1971, Goldschneider and Moscona 1972, Engh et al. 1974) 

The antisera obtained from the different mlce wlthin each immunization 

schedule (anti-membrane or anti-P2 antisera) had quite comparable 

reactivities. This was expeeted since the electrophoretic pattern of both 

immunogens (crude and puriflsd membrane fractions) was simllar. This 

similarity in the immune response suggests the presence 01 a few highly 

immunogenic determinants (or conversely a lack of immunogenlclty in most 

antigens) in the immunogen protein pool. This may however be a 

disadvantage beeause, as already mentioned, sorne highly Immunogenic 

determinants might be directmg the production of antibodles. In that case, 

detection of particular proteins of interest would be hindered if they were of 

low immunogeniclty (Schlosshauer 1989). FortUitously, one of the 

advantages of obtaining largely similar antisera from dlfferent animais 

immunized with the same protein preparation, is that the antisera produced 

can be pooled and therefore larger quantities can be made available for 

immunologieal testing. This is obviously of great relevance when 

considering that mouse serum is harvested in such low quantities (250-

300111 per bleed, routinely in our lab). 

Comparison 01 the anti-P2 and anti-membrane antisera, revealed many 

antibody reactivities that might be common. 1t was observed that , while both 

the anti-membrane and anti-P2 antisera stained the 41 Kd, 72Kd and 99Kd 

protein bands, only the reactivity against the 41 Kd protein band appeared 

nervous system-specifie, since it was absent when assayed against muscle 

or viscera proteins (but present when assayed against optic nerve) tram the 

goldfish. Since the protems with molecular weights (MW) of 41 Kd and 72Kd, 

do not seem to be major goldfish brain proteins (there is a barely visible 
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1 protein population in the vicinity of these 2 molecular weights on SOS 

gelsstained with Coomassie Blue) if is interesting to find that they 

nonetheless react with the 2 sets of antisera. Therefore, it seems likely that 

they are amongst the most Immunogenic proteins ln my preparations. 

However, this conclusion has ta be drawn with some restrictIons owing ta 

the uncertainty involved ln accurately determining the molecular weight of 

proteins on a gel or blot. ThiS dlfficulty might be reduced, on the other hand, 

by separation of the proteins in two dimensions, according to their is081ectric 

point as weil as to their molecular weight , which would allow a more 

complete eomparison of the antisera to be made (Dunbar 1987). 

It is difficult, at this point, ta determine if any of the proteins recognized by 

the antisera can be eorrelated to any known protein present in the goldfish 

brain. For example, it was suspected that the proteln recognized at 99Kd (by 

both antisera) might be the Na+ ,K+-ATPase protein constituent of plasma 

membranes which has a MW of 100Kd in other species (Hobbs and Albers 

1980). Sueh a protein might be expected to have a very low tissue 

specifieity beeause ail cell types possess this enzyme as a basic membrane 

constituent (since it is involved in maintenance of ionic balance between the 

inner and outer milieus - Hobbs and Albers 1980). This low tissue specificity 

may explain the widespread fluorescent labeling pattern of the native anti­

P2 antiserum seen on ail goldfish tissue sections tested. The protein with 

apparent MW of 41 Kd seen on blots wlth both antisera. might be actin which 

has a MW of 43Kd (Zubay 1986). Simtlarly, this protein would be widely 

spread in its tissue distribution slnce ail cells contain this cytoskeletal protein 

(Zubay 1986). In that case however, the possibillty for recognition of aetin is 

not likely since a relatively hlgh level of contamination of the goldfish brain 

membrane fractions by actin would have had to oceur and, as mentioned 
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1 earlier. most if not ail of the cytoskeletal proteins wou Id be expected to be 

present in the 52 supernatant. However, the possibility that some 

cytoskeletal proteins might be associated intracellularly with the cell 

membrane has to be borne in mind. Also, when the anti-P2 antiserum was 

reacted against blotted muscle proteins from the goldflsh, low reactivity was 

observed in the viscinity of the 41 Kd molecular weight. This indicates that 

the possibility for binding actin is IIttle probable since this protein is expected 

ta be found in great quantities in the skeletal muscle where it is involved in 

the mechanism of muscle contraction (Zubay 1986). Finally, suggestions for 

the correspondance of the protein with apparent MW of 36Kd bound on blots 

by both antisera include the 36Kd X protein originally described by Elam 

(1974) which is the major constituent of myelin in goldfish brains. This 

suggestion is based on the fact that a protein migrating to 36Kd on SOS 

gels, present in both immunogen preparations, was enriched in the mye lin 

fraction. Alternatively, based on the fact that ce Ils in the ependymallayer are 

heavily bound by the anti-P2 antiserum, as observed by fluorescence 

histochemistry, then an antlbody might be recognizing components of glial 

ependymal cell surfaces, one of which (ependymin (3) has a MW of 37Kd 

(5hashoua 1976). However, a precise callular and sub-cellular localization 

and a molecular characterization of the antigens bound by the anti­

membrane and anti-P2 antisera would be needed to evaluate the 

significance of the similar and dissimilar features with other known proteins. 

Obviously, the antisera, in their native form, were not reliable markers for 

goldfish brain membrane constituents. owing to their broad reactivities with 

heterologous tissues and with the brain tissue itself and thus had to be 

purified. 
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1 "ABQSRBED ANTISERUM" 

To retine the reactivity pattern of my antisera they were absorbed with 

non-brain tissue of various origins. However, the problem in doing sa was 

that the antisera were not a'/ailable in large quantities and therefore, none of 

the absorptions could be run ta completlon because of the requirement for 

large antiserum volumes to carrying out the procedures. Nonetheless, brain 

reactivities were enhanced by the absorption procedures, and ln the case of 

the anti-membrane antiserum, when it was absorbed with optic nerves, 

reactivity ta a band at 99Kd (observed only in the brain and r.ot in the optic 

nerve) was enhanced relative to others as observed by an immunoblotting 

assay. This protein could not be assumed, however, to be brain-specifie in 

the present study, because it might have been present in other tissues which 

ware not tested. However, the observation that this protein was not present 

in the optie nerve extract rules out the possibility that it might be the Na+ ,K+­

ATPase membrane protein. The reactivity agai nst a band at 41 Kd was also 

shown on immunoblots, to be enhanced relative to others when the anti-P2 

antiserum was absorbed with muscles and viscera. This reactivitiy was the 

most prominent one trom the absorbed anti-P2 antiserum and therefore, 1 

wanted ta ascertain the localization of this protein epitope in fixed goldfish 

tissues. 

As was mentioned earlier (see results), a probiem in trying to 

immunohistochemically localize the epitapes recognized by the absorbed 

antiserum (absorbed with fresh tissue) arase because it tended to cause 

fixed sections to detach tram the gelatin-coated slides. This may have been 

due to enzymatic disruption of the attachment between the substrate 

(gelatin) and the goldfish tissue (Betz and Sakmann 1973). Becuase of this 
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1 problem, 1 tried absorbing the antiserum with fixed tissues, in which 

proteolytie enzymes tram visceral tiss'Jes (used as absorbant) would have 

lost their effects. Moreover, it is very common (Hockfleld and McKay 1985. 

Fambrough et al. 1982) that antigens recognized in their native form (or on a 

blot, ie. in their SDS-denatured form) are not recognized ln tissue sections 

(ie. where the antigen is bound by fixative). Therefore, absorbmg the antl-P2 

antiserum wlth fixed tissues might be expected to give an optimal signai to 

noise ratio because, in this case, the antigens are encountered ln the same 

configuration as they are in the indirect immunofluorescence assay which 1 

used to vent y tne absorption results, One of the obvious dlsadvantages in 

using this time-col1t)ummg absorption method is that only 8mall amounts of 

the antiserum can be utilized, leaving very limited quantitles available for 

carrying out further analysis (eg. immunoblottmg). 

After partial absorption of the anti-P2 antiserum wlth paratormaldehyde­

fixed skeletal muscles and viscera (including intestines, mesentery, liver and 

spleen), immunohistochemical analysis showed that there was recognition 

of two subsets of neurons, similar in their pyramidal shape, in the optic 

tectum and the cerebellum. These cells appear to corr è~f.<>nd to the 

pyramidal ceilln the teetum (Laufer arid Vanegas 1974) and Purkinje cells in 

the cerebellum (Schaper 1893). The two cell types were labeled 

intraeellularly in ail subeellular compartments including cell soma (apart 

from the nucleus which was not labeled), dendrites and axon, and were 

preferentially rfJcognlzed by the absorbed antiserum in the brain areas 

studied. Interestingly, many authors (see Vanegas 1983) have noticed a 

resemblance between the tectal pyramidal neuron and its presyn~ptic 

element (the marginal fibers) on thp cne hand, and the cerebellar Purkinje 

cells and parallel fibers on the other. In the optic tectum, the large pyramidal 
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1 cells, apart from receiving direct Input trom the retinotectal projection, 

receive a major input from the marginal tlbers whlch run along the surface of 

the optic tectum ln the stratum marginale and synapse onto the elaborate 

dendntic tree ot these cells (Leghlssa 1955) These marginai tlbers are the 

axons of the granule cells located ln the torus longltudlnalis, whlch receives 

a major Input trom the valvulae cerebellî (Ito and Kishida 1978). In the 

cerebellum, the PurklnJe cells recelve a major Input from the parallel tlbers 

which run along the surface of the cerebe"um ln the molecular layer. These 

fibers are the axons of the cerebellar granule cells whlch he deep to the 

Purkinje ce Il layer. The Inputs to the granule cells of the cerebellum come 

from a variety of sources (via the cerebellar mossy flbers) includtng the 

vestibular centers, spinal cord and cerebrum (Kotchabhakdl 1976). 

Therefore, these two types of cells (the tectal pyramidai cell and the Purkinje 

cell), apart from having a common morphology, al 50 have a similar 

conneC'tivity pattern in two different parts of the goldflsh braln. Moreover, the 

indirect connectivlty between cerebellar cells (posslbly via Purkinje cells 

since their axons constitute the only output from the cerebellum) and the 

tectal pyramidai cells, through the granule cells ln the torus longitudmalts, 

may also provide a functional association between these two types of cells, 

which might be reflected in the molecules recognized by the absorbed 

antiserum. 

It is possible that the absorbed antiserum, rather than recognrzing a 

protein that is common to tectal pyramidal cells and Purklnje ceUs, could 

contain several antibodies that recognlze dlfferent antlgens which are not 

structurally related, but are distnbuted on only these two cell types. One way 

to determine the cell speclflclty of the absorbed antiserum (le. Is It 

recognizing a common epltope or 2 or more unrelated epltopes on both 

types of cells?) would be by re-absorbing It wlth elther the cerebellum 
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(which is devoid of tectal pyramidal eells) or the tectum (which is devoid of 

Purkinje cells). After absorption, residual binding of only one population of 

cells would correspond to the isolation of a cell-speciflc immunological 

probe. A simllar approach was employed by Mallet et al. (1979) who 

absorbed an antibody against cerebellar membranes, onto cultured Purkinje 

cells. The binding antibodies were then eluted fram the cell surfaces and, a 

Purkrnje eell-specific antlbody was isolated. In the present work, an attempt 

was made to absorb the anti-P2 antiserum more extensively, however, there 

did not appear to be any enhancement in labeling intensity, or in the 

specificity for either cell type in the goldfish brain. These results suggest that 

if the absorbed antiserum recognizes different antigens on both cell types, 

these are not likely to be common to the tissues used as absorbant and 

therefore, might qualify as central nervous system-specifie antigens. 

It should be noted that the immunolabeling pattern of bath pyramidal cell 

species seems to diHerentiate cellular components while labeling the whole 

calI. For example. in bath cases, the nuelei are devoid of label and, in the 

case of the tectal pyramidal cells, the dendritic arborization extending up to 

the minute dendrites, is labeled much more intensely th an the other parts of 

the ce". Investigations have suggested that specifie proteins may be found 

in certain subcellular camponents of the neurons (Levme 1965, Shek and 

MacPherson 1971, Jones and Matus 1974). Therefore, since in the protocol 

1 used to produce the P2 immunogen. most. if not ail of the celi nuclei are 

expected to be lost in the first pellet in the differential centrifugation 

procedure (Gray and Whittaker 1962), it is not surprising that the cell nuclei 

are not immunolabeled. The tact that the dendritic arborizatlons, of both cell 

types were intensely labeled, suggests either that the epitope is enriched in 

dendritic arborizations, that the absorbant used did not possess the 

epitopes that are usually found in dendrites, or that the dendritic antigen is 
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1 one of the mast immunagenic in the P2 pellet. 

Close inspection of the native antiserum, which must contain reactivities 

to pyramidal ce Ils ln the brain, does not indicate reactivities agamst these 

cell types but instead. diffuse reactivity patterns ln most of the tissues tested. 

This suggests that the absorption procedures enhanced , the relative 

concentration of these antibodies manifold with respect to the crude serum. 

However, the antigens recognized by the absorbed antiserum. even though 

it is expressed strongly on 2 specifie types of goldflsh brain neurons and on 

retinal cells. and weakly. or not at ail in other tissue tested (there is sorne 

light fluorescence in the liver and punctate type of labeling in the optic 

nerve) may not be as specifie as It seems. For example, the destruction of 

sorne epitope by fixation could easily make such antigens appear as 

neuron-specific (for example if non-neuronal tissues were particularly 

sensitive to the chemical modifications involved in paraformaldehyde 

fixation). Thus, one must be cautious in mterpreting su ch data based solely 

on immunohistochemical results. For thls reason, it will be imperative in the 

future to determine the molecular weight of the antlgens carrying the 

relevant epitopes and use this information to isolate them and raise more 

specifie polyclonal antisera. 

AFFINITY PURIFIED ANTIBODIES 

Both antisera were reacted with immunoblots containmg g')ldfish brain 

proteins and. antibodies specifie to sorne protem bands were eluted, 

cor.centrated, and then re-assayed on blots. In both cases, the eluted 
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1 antibodies ail cross-reacted with a protein band different from the one they 

were eluted from. For example, the eluted antibodies from the anti­

membrane antiserum ail cross-reacted strongly with a band migrating as a 

doublet with apparent molecular welght of 84Kd; a similar pattern was 

reproduced with the eluted bands from the anti-P2 antiserum, but this time, 

the cross-reactivity was directed to a band at 72Kd. These surprising results 

are difficult to interpret. These cross-reacting bands could not be breakdown 

products of a high molecular weight protein because, in some instances, the 

antibodies were eluted trom a protein at a lower molecular weight th an the 

one of the cross-reacting band. Therefore, 1 presently have no evidence 

suggesting the presence of degradation products and must provislonnaly 

conclude that the punfled antlserum may not be protein-specific. 

Alternatively, an epltope common to many proteins might be recognized by 

the antibody. In that case, absorption with any of the cross-reacting proteins 

(which contain the epltope recognized by the antibody) should completely 

deplete the antibody and therefore, no further reectivlty to any of the proteins 

should be observed. This was the case when the P41 antlbody (an antibody 

present in the anti-P2 antiserum that was eluted from a blotted band at 

41 Kd) was absorbed with the affinity-purified 41 Kd protein and then re­

assayed on a blot containing brain, visee ra and muscle proteins: no 

reactivity was obtained with any of the protein bands. These results suggest 

that at least one epitope recogmzed by the P41 antibody was also present 

on the 72Kd protein and that is probably the reason why cross-reactivity with 

this band was observed. 

Whatever the epitopes recognized by the P41 antibody might be, there is 

little doubt that they are constituents of many goldfish proteins, su ch as the 

41 Kd and 72Kd brain proteins, the 72Kd visceral protein and the 72Kd and 

36Kd muscle proteins since ail of these proteins were shown, on 
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1 immunoblots, to cross-react with the P41 antibody. However, some of these 

proteins (for example, 72Kd in brain, muscle and viscera, 41 Kd in brain and 

muscle) and also the 84Kd brain protein (which crass-reacts with ail of the 

eluted antibodies fram the anti-membrane antiserum) were bound by 

antibodies present in the pre-Immune serum and thus are normally 

circulating antibodies (albeit of low titer) produced by mice. Moreover, these 

antibodies (present in th\:.i pre-immune serum) were produced in immunized 

BALB/c mice, primarily against these goldfish proteins which apparently 

share an epitope with each othel' (see above), and this might be due to a 

genetic tendency towards the production of this specifie antibody in the 

BALB/c mouse strain (ie. BALB/c mice may be high responders for the 

epitope recognized). For example, in a number of cases where an antigen 

induces a strong immune response (such as the response to type C 

streptococcal carbohydrates m rabbits - see Roitt 1982), breeding 

experiments (see Moller 1978) have shown that the capaeity to produce a 

specifie B-cell clone is inherited and is linked to the genetle markers for the 

immunoglobulin constant region. On the other hand, the existence of 

antibodies against goldfish brain, muscle and viscera protein epitopes in the 

serum of a non-immunized mouse, as 1 observed, might be the consequence 

of autoimmunity in BALB/c mice. Many instances are known (see Roitt 1982) 

in which potentml autoantigenic determmants are present on an exogenous 

cross-reacting antigen which pro'v'ides the new camer to provoke 

autoantibody formation. For example, sorne mîcroorganîsms carry 

determinants INhîch cross-react wîth human proteins (see Glynn and 

Holborow 1964) and this may be an important way of inducmg autoimmunity 

diseases in humans. 

A very striking result of my investigations on the P41 antibody is that the 

antigens it recognizes are found in ail tissues tested (such as optic nerve, 
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1 optic tectum. muscles, testes, intestines, liver and spleen) predominantly in 

areas which may indicate a general association with the extracelullar matrix 

components of these various tissues. Sorne studies suggest that the 

recognition of many protems by epitope-specifie antlbodies is not an 

uncommon occurrence: the possibility for the existence of such shared 

antigenic determinants is easily imagined in view of the evidence that 

evolution has proceeded in part by gene duplication and then sequence 

divergence (Zubay 1986). Therefore, the relationship between non-nervous 

tissues and the brain tissue might be more than coincidental since, in 

addition to ce II-type or tissue-specifie antigens, shared classes of antigens 

may characterize the cells with a common lineage, such as neural retina or 

brain eells, another elass of antlgens may be shared, for example, by cells of 

mesenchymal origin (eg.: various connect!ve tissues). An example of 

sequence homologies between different proteins is given with anti­

intermediate filament (anti-IF), an antibody against ail intermediate filament 

proteins (Pruss et al. 1981) which recognizes an epitope that these proteins 

have in common. In the goldfish, this antibody recognizes proteins at 

145Kd. 80Kd. 58Kd, and 50Kd in the brain (Qui1schke et al. 1985), while in 

mammalian brains it recognizes proteins at 200Kd, 150Kd, 70Kd and 50Kd 

(Hoffman and Lasek 1975). These correspond to both neurofillament 

subunits and gliofilament protems. The anti-IF antibody is specifie then for an 

antigenic determinant common ta ail intermediate filaments, which is 

conserved through evolution. This type of behaviour has also been 

observed with adhesion molecules that share a class of epitope 

determinants, namely the L2/HNK-1 class (Kruse et al. 1984). 

The immunohistochemistry results, where the P41 antibody was assayed 

on different tissues, indicate that it may recognize antigens associated with 
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1 the extracellular matrix (ECM). In the muscle, the antigen recognized i~ 

distributed over the entire cell surface of myotubes. Sorne of the antigens 

are also associated with the blood vessels and the pial surface in the 

goldfish central nervous system. Ftnally, 1 observed an association with the 

epltheliallining of the seminlferous tubules and of the intestines (lamina 

propria). The recognition of extracellular matrix proteins by the P41 antibody 

mlght be indicated first by the similarity of labehng pattern in the goldfish 

skeletal muscle, optic nerve and tectum, with anti-Iaminin (Iaminin being an 

ECM protein). Moreover, Fambrough et al. (1982) have ralsed an antibody 

(#33) against chick muscle extracellular matrix which recognizes epltopes 

over the surface of myotubes ln the same manner that P41 labels goldfish 

muscle cells. Their antibody also recognizes blood vessels ln various chick 

tissues including brain (Fambrough et al. 1982). Secondly, the labeling 

pattern at the level of the seminiferous tubules with P41 can also be 

compared with that of laminin and is found in the epithelium (but not in 

association with sperm cell membranes) where the extracellular matrix is 

usually secreted (Wheater et al. 1982). Although P41 has a labeling pattern 

and distribution similar to these 2 antibodles against extracellular matrix 

(#33 and anti-lammin), the possibility that it mlght be recogntzing a cellular 

membrane constituent, must still be borne in mmd since Fambrough et al. 

(1982) remarked that the extracellular matrix (especially the basal lamina 

component of the extracellular matrix) is in close apposition to the cell 

membrane and that it is sometimes dlfflcult, at the hght microscopie level. ta 

judge whether an antigen is present on the membrane or in the extracellular 

compartment. 

Interestingly, ceBs in the ependymal zone of the goldfish optic tectum are 

also very densely stained with the P41 antibody. Cells in this area 

(ependymal cells) have been descnbed in the goldflsh (Schmidt and Lapp 
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1987, Kënigstorfer et al. 1989) as the cells involved in brain plasticity and 

also, it was tound (Shashoua et al. 1986) that these cells bear on their 

surface, cell adhesion moleeules (ependymins) that expresses the L2/HNK­

, (the family of proteins which express this epitope, includes ether cell 

adhesion rnolecules such as l1, N-CAM and MAG, Kruse et al. 1984). 

Moreover, Werz and Schachner have recently (1988) demonstrated that 

components of the ECM can be implicated in cell-to-cell adhesion and that 

these are often found in association with cell adhesion molecules. 

Therefere, these results might add immunological support ta the concept of 

common lineage between cetls of different tissue origins through a sl1ared 

epitope. 

Immunohistochemîcal observations of the skeletal muscle demonstrated 

that purification of the P41 antibody (by blot elution) could deplete the native 

anti·P2 é"1tiserum of background labeling in some muscle cells. This diffuse 

ce II-specifie background labeling with the native anti-P2 antiserum seen in 

about one half of the myofibers may be attributed ta the recognition of 

myoglobin (or a protein associated with myoglobin) as it is known that the 

so-called red muscle fibers contain large amounts of myoglobin, as opposed 

to the white muscle fibers, and that both cell types are present in an 

individual skeletal muscle (Nauta and Feirtag 1986). However, the P41 

antibody could still recognize, apart trom the extraeellular matrix (or 

membrane) component, an intracellular component in a1l muscle cells 

which, in a cross-section of the skeletal muscle, appeared as a punctate 

network over the sarcoplasm. This observation precludes the identification 

of the labeled antigen as a myoflbril component (A, H, M and Z bands) 

because, ln such a case, a homogeneous type of labeling of the sarcoplasm 

(see Leeson and Leeson 1976) would be expected. 
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1 A possibility which must be borne in mind is that many cells are capable 

of internalizing substantial portions of thelr plasma membranes (Heuser and 

Salpeter 1979). Therefore, another explanation for the intracellular location 

of the epitopes recognized by the P41 antibody in skeletal muscles is that it 

might be recognizing a protein constituent of the sarcoplasmic reticulum 

(which spans the whole cross-section of the muscle cell, as opposed ta the 

Golgi apparatus or mitochondria for example that reslde next to the nuclei), 

or even a protein being processed ln the sarcoplasmic reticulum (ie. a pre 

protein - or pre-pro-protein, see Olsen 1983) for export ta the cell periphery, 

from where it could be either expressed on the cell surtace or secreted into 

the extracellular matrix pool. Support for this hypothesis is given by the 

observation of Fambrough et al. (1982) that intracellu!ar pools of newly­

synthesized fibronectin (an extracellular matrix protein) could be visualized 

after fluorescent labeling of permeabilized myotubes using a monoclonal 

antibody against fibronectin. These pools appeared ta be localized in 

perinuclear granules (therefore presumably in the Golgi apparatus). 

Interestingly, labeling at the level of the sarcoplasmlc reticulum, might 

suggest the possibility that the 72Kd protein recognized on blots after elution 

of the antibody binding to the 41 Kd protein, could be a preprotein of the 

41 Kd protein final product. 

Therefore. the intracellular labeling 1 observed in the skeletal muscle, 

might represent extracellular matrix (or membrane) labellng in this tissue 

because the P41 antlbody might recognize bath a final secreted (or 

expressed ) protein, as weil as an mtracellular translation product being 

processed in the sarcoplasmic retlculum. However, a definltive decision in 

this regard will most likely require electron microscopy. 
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ln conclusion, two immunological markers were obtained by purification 

of an antiserum against goldfish brain membranes. In the Ilrst instance, 

absorption of the antiserum with fixed skeletal muscle and viscera from the 

goldfish revealed a specificity for two types of pyramidal ce Ils, namely the 

tectal pyramidal cells and the Purkinje cells, ln the goldfish brain. The 

second immunological marker produced was obtatned trom blct elution of 

an antibody (P41) that binds a 41Ka goldfish brain protein. In that case, the 

antibody cross*reacted with a 72Kd protein present in goldfish brain, viscera 

and skeletal muscles and might therefore bind an epitope constituent of 

many proteins widely distributed throughout the goldfish nervous and non­

nervous tissues. The immunolabeltng pattern of the P41 antibody suggests 

a general association with extracellular matrix material, as weil as specifie 

binding to eells in the ependymallayer of the goldfish optic tectum, and ta 

the intracellular muscle compartment. 

It is not possible to definitely eonelude, trom these preliminary results, 

whether or not novel goldfish brain proteins have been defined. However, 

none of the previously-described antigens recognized by heterologous anti­

goldfish antiserum bears similarity to the speclficities revealed by the 

absorbed antiserum or the P41 antibody reported here (Benowitz and 

Shashoua 1977, Roots et al. 1984, Sharma et al. 1988). Therefore, this may 

be a tirst attempt at isolating tectal pyramidal cell and Purkinje cell specifie 

markers as weil as putative extracellular matrix markers in the goldfish. 
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1 The objective here, was to obtain an immunological probe against cell 

adhesion moleeules in the goldflsh brain. This is a difficult task ta undertake 

when using minimally-purified immunogens ta produce a polyclonal 

antiserum. Nevertheless, brain ce II-specifie reactivity was obtained with the 

absorbed antiserum. However, efforts still need ta be made towards the 

complete absorption of the native antiserum in order to better define the 

tectal pyramidal cell and the PurkinJe cell protem constituants recognized 

since it seems likely that new antisera might make it possible ta distinguish 

éach cell type from the other. 
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