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Estudios de electroforesis de partículas han demostra 

do que los sinaptosomas tienen una carga eléctrica. net~ 

de superficie negativa, por lo que dichas partículas se 

dirigen al polo positivo. Estudios correlativos de ti

po bioquímfco·han mostrado que estas cargas de superfi

cie están en su mayor parte conferidas por grupos carbQ. 

xilo de ácido siálico y que seguramente otros elementos 
L • • 

cargados electronegativamente contribuyen a dicha carga 

electronegativa. No existen a la fecha estudios cito

químicos ultraestructurales q~~ demuestren la distribu

ción de las cargas negativas de superficie en los sinae. 

tosomas ni datos que hablen sobre la distribución de car 

gas electropositivas·en la superficie de dichos sinaptQ. 

somas. Bittiger y Schnebli al utilizar ricina y conca

navalina A marcadas con ferritina mostraron que la dis-

~ tribución de grupos s~~uestamente conteniendo galactosa 
-~f. ¡: 

,-: .. 
y otros conteniendo glucosa o manosa tenían una distri-

bución homogénea en la superficie de los sinaptosomas y 

• 
náptica. 

Esto último se observó particularmente en los experi

mentos en que se empleó concanavalina A. Resulta difí-
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cil saber si la localización de esos grupos en base a 

estos experimento~ ~orresponde a la localización in 

ví.vo do los residuos do carbohidrat.os o resulta del 

desplazamiento de las partículas de superficie sinaptQ. 

sornales indu~ida por la lectina empleada corno es el ca 

so observado en el fenómeno de acumulación.inducida de 

partículas ("capping") en otras células. 

En el presente trabajo se estudió. el patrón de dis

tribución de cargas eléctricas de superfic~e en la mefil. 

brana sinaptosomal por métodos citoquímicos de altar§_ 

solución al emplear hierro coloidal a 'diferentes pHs y 

se correlacionaron estos resultados con datos obteni

dos de estudios bioquímicos. 

El empleo de una solución·de hierro coloidal, depen-

d.iendo el pH '..l1 que .se ¡~tilice, .permite marcar las car-
. ' ,~ . 

gas eléctricas de sup~rficie negativas ( al emplear sol!:L 

cienes a pH bajo: 1.8) o cargas positivas (pH alto: . 
4.5). Esto parece estar basado en parte en la interac-

• ción electrostática de los grupos·cargados de los ele-

mentos tisulares con la carga de las partículas coloid,2. 

les de óxido de hierro. 
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En el presente trabajo, al utilizar soluciones de hi§. 

rro coloidal a diferentes pHs y examinando las muestras 

con el microscopio electrónico se pudo visualizar un P§:.. 
• 

trón peculiar de marcaje de cargas electr~negativas y 

electropositivas en la superficie de los sinaptosomas. 

Se emplearon ratones albinos ·adultos, de los cuales se 

obtuvieron los cerebros después de decapitación, se ex

cluyó cerebelo y se separó la fracción sinaptosomal por 

gradiente discontinuo de sacarosa a ._-partir de la frac

ci.ón mitocondrial cruda del homogenado cerebral. Esta 

fracción sinaptosomal se incubó con solución dializada 

de hierro coloidal a un pH de 1.8 o a un pH de 4.0 para 

marcar cargas de superficie negativas o positivas res

pectivamente. Los estudios bioquímicos realizados con 

fines de ident.ificación de los elementos que contribu

yen a la presencia de cargas electronegativas.y electro 
' i -t fi¡ 

positivas de=·superficie: fueron digestiones enzimáticas 
Pi -

1 

con neuraminidasa purificada de Clostridium perfringens, 

identificación fü~ á.c::iclo tdálJ.co oon el mátoclo efipectro 

fotométrico de Warren y titulación de proteJ:nas totales 

en la fracción sinaptosomal. 

Con:el microscopio electrónico se observó un patrón 
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homogéneo de prcc:Lp:i.'l:i..iclo fino en la supcrf:Lc:Lc üc loo 

sinaptosomas cuando se empleó la solución de hierro co 

loidal cargada positivamente. Después de la metilación 

de la fracción sinaptosomal o la incubación de esta 

fracción·con neuraminidasa purificada y posterior incu

bación de las muestras con hierro coloidal cargado posi 

tivamente, no se observó precipitado electrodenso en la 

superficie de los sinaptosomas. Aproximadamente el 20% 

del ácido siálico total en la fracc{ón sinaptosomal fué 

liberado por digestión con neuraminidasa er el presente 

trabajo, lo cual está de acuerdo con los resultados obt~ 

nidos por otros autores en que ~acen un estudio correl~ 

tivo bioquímico-electroforético. Fué insignificante la 

cantidad de ácido siálico liberado cuando se utilizó 

neurarninidasa herbida antas de la incubación de los si-

' naptosomas co9-' la solu4ión· positiva de hierro coloidal. 
~J . 

L 
1 ij . .,,, ' • En estos experimentos¡se observo con el microscopio 

electrónico el precipitado fino hom·ogéneamente distri

buido en la superficie de los sinaptosomas • 

• 
Con la solución negativa de hierro coloidal se identi 

ficó un patrón irregular y heterogéneo en la superficie. 

de los 1 sinaptosomas. Este patrón de marcaje no se ob-

i 
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servó cuando se llevó al cabo una reacción de desamina-

ción antes de la incubación con la solución negativa de_ 

hierro coloidal. La incubación con neuraminidasa puri

ficada antes de la incubación con la solución·negativa 

de hierro coloidal o el tratamiento con neuraminidasa 

seguido por desani.inación e incubación con la solución 
...... . .. 

negativa de hierro coloidal no modificó el patrón de 

marcaje en la superficie de los sinaptosomas. 

Con estos datos se concluye lo siguiente: 

1. En el presente trabajo se realiza por primera 

vez un estudio correlativo de citoquímica de al 

ta resolución para identificación de cargas 

eléctricas de superficie en sinaptosomas con es 

tudio correlativo bioquímico para la identificª-
i 

ción de los gru;pos .que determinan estas cargas 
.___}. f.'; 

.... ,, j;; 

de superficie:r . 

2. Con el empleo de las soluciones de hierro coloi 
.J 

dala diferentes pHs es posible ide~tificar el 

patrón de distribución •. de cargas en la superfi

cie de partículas subcelulares. 
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3. Existe un patrón homogéneo de distribución de 

cargas electronegativas de superficie en el gl'!:!. 

cocálix de l9s sinaptosomas, en tanto que las 

cargas electropositiva~ tienen una distribución 

heterogénea en la superficie de los mismos. 

4. Las cargas electropositivas identificadas en 

ese trabajo con la solución negativa de hierro 

coloidal pro~ablemente corresponden a grupos 

amino expuestos de los componentes del glu9ocá 

lix de los· sinaptosomas, fundamentalmente en ba 

se a los estudios de desaminación realizados en 

este trabajo. 

S. En base a los estudios de metilación y digestión 

con neuraminidasa purificada es muy probable que 

las cgXgas el.éq'.t,ricas neg-ativas de superficie 
,r '.'f. • 

~ ... 1 :. 

son conferida~ por los grupos carboxilo de áci-
,· 

do siálico expuesto a la- actividaa·de la neura-

minidasa. 

Es muy probable que este ácido siá~ico forme pa!:_ 

te de gangl~osidos y de glucoproteínas presentes· en la·: 
,. 

cubi~l:'t:~ .. exterior de las terminales_ sinápticas y así 



- 7 -

constituya uno de los elementos importantes involucra

dos en los procesos de transmisión_sináptica, como ha 

sido s·ugerido por varios autores. 
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SUMMARY 

1 

A distinctive pattern of electronegative 

and electropositive charges could be visualized at 

the synaptosome surfacei coat by using colloidal iron 
1 

solutions at diff erent 1pH and examining the samples 

' 
with the electron micrdscope. Synaptosome fraction 

from mice brains were incubated with dialized colloidal 

iron at pH 1.8 (Fe(+)) and at pH 4.0 (Fe(-)) for labeJ:.. 

ing surface neg~tive and positive charges, respective

ly. At ultrastructural level, a homogeneous fine pre-

1 1 i cipitate was seen at synaptosome surface when the 

Fe(+) solution was employed. No deposi~s were observed 

when methylation or incubation with purified neuramin

idase were carried out prior to incubation with the 

Fe{+) solution. 

Approximately 20% of the total synaptosóme 

sialic acid was released by neuraminidase digestion in 

the present work.' 
f 

No significant amount of sialic acid 
¡ 

was released when boiled neuraminidase was employed, 

and the deposits were present in an homogeneous pattern 
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at synaptosome surface. With the Fe(-) solution an 

irregular labeling pattern was seen at synaptosome 

surface. These scarce deposits were not observed 

when deamination reaction was performed prior to 
1 

incubation with the Fe(-) solution. It is conclud

ed that the surface electronegative charges labeled 
i 
1 

with the Fe(+) solution,most likely correspond to 

carboxyl groups of sialíc acid, whereas the deposits 

observed with the Fe ( -) lsolution probably corresponds 

to exposed amino groups of the synaptosome surface 

coat components. 
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I N T R O D U C T I O Ni 
1 
1 

¡ 

The surface coat or glycocalix plays an 

important role in ce11 physiology, particularly re

lated to cell aggregation44 and contact recognition24 • 

Glycoproteins 1 are the essential components of surface 

coat in most of the cells, including the neurons, 

whose membranes are rich in sialoglycoproteins and 

gangliosides10 , 21 • On the other hand, various func

tional characteristics of the surface coat depend 

upon the presence of sialic acid in its elements. In 

this regara, a) dueto its electronegative charge, 

sialic acid contributes·to forro a hydrophilic envi-

13 52 ronment at the surface cell area ' ; b) functioning 

asan ionic exchange element, sialic acid participates 
¡ 

i 

in the regulation of flow of cations across the plasma 

rnembrane28 , 29 ; e) in sorne cells sialic acid is an irn 

t t 1 t . lli t' . 't 16,35,37 d) i't por an e eme~ in ce :an igenici y ; 

is one of the factors irnplicated in intercellular adh~. 

sivity27139161 ; and e): in sorne cells, sialic acid is 

an important element in·membrane receptors14 , 15• 
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In the central nervou~ system, the neu

ronal plasma membrane, 'its surface coat and the el

ements present in the extracellular space act togeth 

er in the regulation of ionic transport involved in 

membrane excitation and recovery29 • Electrophoretic 

mobility of brain synaptosomes depends upon their 

. 58 
negative surface charges , conferred either by sial 

ic acid residues, which are present in sialoglycoprQ. 

teins and gangliosides ·in nerve tissue elements18, 22 , 

29,47,50,59, or by acid mucopolysaccharides present 

in the synaptosome membrane12 , 57 • 

Although sorne controversy exists as to 

the participation of sialic acid in the synaptosome 

electrophoretic mobility 57 , sorne authors have shown 

that when sialic acid is cleaved by purified neurami!l 

ida~e, the electrophoretic mobility changes propor

tionally to sialic acid enzymatic release8148 • 

Hecause of the importance of the synap

tic plasma membrane and because of the importance of 
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sialoglycoproteins and sialogangliosides at nerve 

cell surface coat, the present cornmunication deals 

' with the cytochemical identification of electrical 
1 

i 
charges at synaptosome surface by means of electron 

cytochemical and correlative biochemical techniques. 

MATERIAL AND METHODS 

Materials. Adult albino mice (local strain) were 

used throughout this-work. The chemicals used for 

the biochemical determinations were purchased from 

Sigma Chemical Co. (St. 1 Louis, Mo.) 

! 
The brains were obtained quickly after 

decapitation and pooled in a chilled homogenizer ug_ 

til .enough tis-sue (usually 3-5 brains, cerebellum 

excl~ded) was collected for subcellular fraction

ation. A 10% (w/v) homogenate in O. 32M sucrose was 

prepared in a Teflon-glass homogenizer under gentle 

co11dition:.J ( :.3ix strok.cs .. 1t approximatoly U~O r. p.m.) 

Subcellular fractionation. The primary fractions 

(nuclei, mitochondria, microsomes and supernatant) 



- 6 -

were obtained by following the procedure of De Robe~ 

tis, Pellegrino de Iraldi, Rodríguez de Lores Arnaiz, 

and Salganicoff17 and the mitochondrial fraction was 
1 

subfractionated in a discontinuous sucrose density 

gradient, as described by Pérez de La Mora, Feria-V~ 

' 
lasco, and Tapia41 • After discarding the myelin fra2_ 

tion, the synaptosomal fraction was manually separated 
t 

with a Pasteur pipette 'and diluted with about one-

third of its volume of physiological saline solution 
1 

and centrifuged at 100,·ooo g for 30 min. The pellet 

was resuspended in cold physiological saline solution 

for assays. 

Incubation with colloidal iron. Ferric oxide solu

tions were prepared at :pH 1.8 and 4.0 according to 

the method ot·Gasic, Berwick, and Sorrentino19 in 

order to obtain positively (Fe(+)) and negatively . . 

(Fe(-)) charged colloidal iron solutions, respective 

ly. 

For incubation with colloidal iron, the 

synaptosqme fraction was fixed with 2.5% glutaralde 

hyde in Q.lM phosphate:buffer, pH 7.4 at 4°C for 
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,, r: . /]. r:) 
'I· :.> llLI. l1 . . • l\ftcr br :i.cf ;w.:whing with t.hc sélmc phosphat.c 

buff cr t.hc synapt.O~jOmcs wcrc incubatcd in thc colloidal 

iron solutions for 30 to 45 min at room temperature. 

The synaptosomes were rinsed twice in a 12% glacial 

acetic acid solution aria subsequently in bidistilled 

and deionized water before postfixation. This was car 

ried out i_n phosphate-buffered 1% osmium tetroxide for 

1 hour at 4°c38 • 

iSome synaptosome samples were washed 

briefly in 2M sodium chloride solution before gluta

raldehyde fixation and further incubation with the 

iron solutions, in order to avoid artifactual stain

ing of material adsorbed to the synaptosome surface. 

Methylation. , The synaptosome fraction was fixed in 

buffered-2.5% glutaraldehyde45 and briefly washed in 

50% ethanol and absolute ethanol. Methylation was 

carried out by treating the samples with O.lN HCl in 

absolute methanol for 24 hours at 60°c30 • After 

rapid washing in 70% ethanol and bidistilled and 
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deionized water the samples were incubated with the 

Fe(+) solution and postfixed with osmium tetroxide. 

Deamination. The synapto:21ome fraction was fixed in 

buffered-2. 5% glutaraldehyde45 , washed tw~ce with 

bidistilled and deionized water and incubated in a 

recently prepared solution of nitrose acid (1 gm 

NaN02, 30 ml of a 3% H2so4 solution) for 48 hrs at 

4°C in the dark31 • After rapid washing in bidis

tilled and deionized water the samples were trans

ferred to absolute.ethanol and incubated at 60°C for 

4 hours. Th~se samples were washed in bidistilled 

and deionized water and incubated with the Fe(-) s~ 

lution before postfixation with osmium tetroxide. 

! 
i 

In sorne cxpcrimcnts the samples were 

:Lnqubatc<l with purif :Lc<l el. pcrfrinc1cnfJ ncurc:uniniclasc 
¡ 1 : 

( 5 '.pg/mg synaptosom~ protein) for 60 min at 37 ºC 
1 

1 

(see below), washed twice in physiological saline 

solution and fixed with glutaraldehyde before the 

deamination process described above. 
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! 
¡ 
¡ 
1 
¡ 
¡ 
¡ 

treatmen:t. Type V Clostridium perfrin-

gens neuraminidase (N~acetyl neuramina~e glycohydro-
1 

lase; EC l.2.1.18) was: purified according to the 
1 

method described by Bernacki and Bosmann2• The enzyme 
1 

activity was. 0.7 units/mg (one unit= 1 p.mole of sialy!_ 
i 

lactose hydrolyzed/rni~ at pH 5.0, at 37ºC). The synap-
¡ 

tosome preparation was'. briefly washed in physiological 
1 

1 

saline solution and incubated with neuraminidase 

( 5 pg/mg synaptosome protein) at· pH 7. O in a shaking 
1 

1 

water bath at 37 ºC for: 60 mins. After incubation the 
l 
1 

samples were.washed i~ ice-cold 0.32 M sucrose and 

centrifuged át 7,000 gi for 15 mins. The supernatant 

was used for measuringi realased sialic acia60 and the 
i 

pellet was washed thre;e to four times with physiolo-

gical saline solution before fixation with buffered-
; 

glutaraldehyde and inc:ubation with the Fe ( +) ·solution. 

1 

Postfixation was carrfed out ·with buffered-osmium te-

troxide. Sy?aptonome ;snmplBFl i.ncubñted with boiled 
! 

neurarninidase were used as controls. 

Sialic acid in the synaptosomal fraction. Total sialic 
i 

acid was determined i~ the synaptosomal fraction 
~ i 
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following acid hydrolysis with O.lN sulfuric acid at 

80 ºC for 5 hour.s22 • Sialic acid standards were treat 

ed similarly -to correct for destruction of free sia

lic acid. 

Electron Microscopy. After postfixation with osmium 

tetroxide the samples in all experiments were dehy

drated in graded ethanols and embedded in Epon-81234 • 

Thin sections in the silver color range of reflected· 

light40 were obtained 'in a Reichert OmU-2 or a· Por-
r 

ter-Bloom MT-2 ultramicrotomes and collected in un-

covered copper grids for observation without staining 

in a Philips EM-200 or a Zeiss EM-10 electron micros

copes. Sections from the crude mitochondrial and 

synaptosomal fractions: were stained with uranyl ace

tate49 anq lead citrate56 for assessing their purity. 

Analytical determinations. Protein was determined by 

·1 l .,. 1 33 
?I 11 ( H ~1 n I i 1 , 

whereas sialic acid was measured by the spectropho

tometric method described by Warren60 • 
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The crude rnitochondrial fraction consisted of 

rnyelin fragments, syna'ptosornes and rnitochondria. 
i 

Most elernents in synap~osornal fraction were well pr~ 
i 

served synaptosornes, a'isclosing nurnerous synaptic 

vesicles and intraterrninal rnitochondria. 

Positive iron solution. When the sarnples were incub~ 

ted with the Fe(+) solution,. hornogeneously distributed 

fine electrondense deposits, 5 to 20 nrn diaineter, were 

observed along the ent1re synaptosornal surface (Figs. 

i and 2). No particular differences in deposit distri 

bution were noted between the synaptic contact area 

and the rest of synaptosornal mernbrane in the material 

exarnined (Fig. 3). When the synaptosornal fraction 

was washed with 2M NaCl solution before incubation 

with the Fe(+) solution, the synaptosornes appeared 

shrunken and~fine electrondense deposits were hqrnoge

neously distributed at their surface (Fig. 4). 
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Methylation. Treatment of the synaptosomes with meth~ 

nolic HCl solution before incubation with the Fe(+) 

solution prevented the appearance of surface deposits 

at the synaptosome membrane (Fig. 7). 

Neuraminidase treatment. When the synaptosome prepa

ration was incubated with purified el. perfringens 
j 

neuraminidase, nearly 20% of total synaptosomal sialic 

a.cid was rcloariccl ('l'i.lhJ.o I). No clcctrondcnac dcpos-

its on synaptosome surface, including the synaptic 
t 

contact area, were observed when the neuraminidase-

treated synaptosomes were incubated with Fe(+) solu

tion (Fig. 5) • 

Negligible amount of sialic acid was re-

i 
leased when the synaptosomes were incubated with boi-

' 

led purified neuraminidase (Table I), and electróndense 

dep?sits were observediat the surface of these synap.-
i 

tosomes after incubating them with the Fe ( +) solutio'p 

{Fig. 6). 

! 
Negative iron solution.1 The synaptosomes incubated 

! 

with the Fe ( -), solution after glutaraldehyde fixatioµ, 
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disclosed a non-hornogeneous1y distributed pattern of 

electrondense deposit~ at their surface (Fig. 8). 

Dearnination. No depos~ts were observed at synaptosorne 

surface when dearninat~on procedure was carried out 

before incubating theisarnples with the Fe(-) solution 

(Fig. 9). The sarne negative results were obtained 

when the incubation of the synaptosorne preparation 
1 
1 

with the Fe(-) solutión was perforrned after incuba-
1 

tion with purified el~ perfringens neurarninidase and 

dearnination. 

A sumrnary of the ultrastructural findings 

i 
in the present work appears in Table II. 

D I S C U S S I O N 

{ 1 

With high resolution cytochernical methods 

the surface coat has been dernonstrated in nerve cel~s23 , 
' l 

sp~cially at the synaptic elernents11516143 where sorne 
¡ 

au~hors:have shown the presence of specific structu~~ 
! 

í i 

al ,and biochernical elernents when cornpared with other 
' 1 

nervous tissu.e compon~nts 51 7 , 25 , 32 , s3 , s4 • van 
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Nieu Amerongen, et a1 53 , 54 have reportea the exis

tance of a specific sialoglycoprotein (GP-350) iso

lated from the synaptosome mernbrane, which is absent 

in the membrane of other nervous tissue elements. 

This glycoprotein is identical in composition to 
! 
! 

that found in the soluble fraction of calf brain 

homogenatesSS. 

As to the topographic distribution of 
i 

the carbohydrate resiaJes in the nerve endings, 

Bittiger and SchnebJ.i31 cmpJ.oying ricin and concana

valin A label~d with ferritin showed the distribu

tion of terminal groups supposedly containing gala2_ 

tose and others containing glucose or manose. The 

electrondense deposits:were mainly concentrated at 

the intersynaptic regiqn, particularly in the conc~ 
1 

navalin A experiments. ¡ Whether this corresponds to 
! 

the in vivo localization of the carbohydrate residues, 

or this distr±bution resulted from sorne molecule 

displacernent at the synaptosome surface induced by 

thellectins, as it is the case of the capping phe

nomenon in other cellsi6142 , is not known. 
i 
! 
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In the présent work the distribution 
i 
i 

pattern of electrical charges at the synaptosome 

membrane is demonstratJa by means of high resolution 

cytochemical techniques. The staining method with 
i 

colloidal iron at vari6us pH as a cytochemical stai~ 

ing for electron microscopy appears to be in part 

based upon electrostatic interactions of charged 
r 

groups of tissue elements with colloidaL iron4,19, 36 • 

Thus, when the colloid·is negatively charged, label

ing of the peripheral positively charged groups is 

observed. On·the other hand, when positively charged 

colloidal iron is employed, the peripheral groups 
; 

1 

contributing to the net negative surface charge are 
1 

stained. In our study,' when the Fe(+) solution was 
. ' 

used, a homogeneous dis.tribution of electrondense 

deposits_was observed at the synaptosome surface, 
: ' 

corJ:'.esponding to exposed electronegative charges. 
1 

That; the surface deposits were due to adsorption of 
¡ 

i 
extraneous cha.rged material to the synaptosome sur-

i 

face could be ruled out: by observing the electrondense 
i 
! 

deposits when the sampl~s were washed with 2M NaCl 



1 

solution bef oJe 

- :J.6 -
i 
1 

1 
1 
1 

¡ i . 
incubation with the Fe(+) solution. 

, Based upon the rcsults! obtained af·t.el methylation and 

· b · · l:.h 1 
· r · ª . 1 . . ª aftcr incu · ution w:i. · puri·- J.c · ncur~nini ase wc cu.n 

i 

conclude that those el~ctronegative fharges most 
! 1 

likely correspond to those conferred by the carboxyl 
i 1 

group of sialic acid. f This is furth:er supported by 
i 1 

the fact that in the sialidase e"xper1iments, sialic 

acid was demonstrated in the supernatant after cen

trifuging the enzyme-inc~bated samples. The enzyme

released sialic acid corresponded to nearly 20% of 

the total synaptosome :sialic acid after severe acid 

hydrolysis. On the ot?er hand, no sialic acid was 
1 
; 

released, while electrOndense deposits were depicted 
! 
1 

at the synapt:osome surface, when incubation with 
¡ 

boiled neuraminidase ~as carried out. This is in 
1 

keeping with what Bosmann and Carlson8 have obtained 

after incubatj.ng the synaptosomes with purified neu

raminidase (release of, approximately 19% of the to-
1 
; 

tal synaptosome sialic acid). These authors observed 

that by using more thJn 4 pg neuraminidase per mg 
; 

synaptosome protein there was no increase in the 
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release of sialic acid, and no modification in the 

electrophoretic mobility of synaptosomes (1.5 pm/ 

sec/V/cm) was detected~ Thi~ may indicate that 

sorne electronegative c~arges remained after neura-

' ' 
rninidase treatrnent, probably conferréd by sulfate 

or phosphate groups, mucopolysaccharides or even 

sialic acid residues not accessible by neurarninidase. 

Apparently, there is mor~ sialic acid 

residues per mg protein in the synaptic terrninals 

than in the mernbranes of the rest of nervous tissue 

elernents. This has been concluded frorn both, direct 

measurements8, 47,48 and indirect considerations. The 

latter are related to endogenous neurarninidase ac

tivity in the gray rnatter of cerebral and cerebellar 
1 

( 1 

cortex20 and particu1arl1y associated wi th the synap-

tosome membrane in adul:t bovi~e gray rnatter46 • It 

has been postuiated that neurarninidase activity, is 

high where thcrc is a h:igh rnctabolisrn of dialic 

acial1 • Both,:gangliosidic and protein-bound sialic' 

' acid have been considered important elernents very 

likely involved in tran~mission processes29151 • 



_! 18 -

When the Fe('-) solution wa~ used, an 

irregular and non-homogeneous distribution pattern 

of dense deposits were:seen at the synaptosome su:f_ 
1 

face, which disappeared when dearnination was per-
; I' 

formed befare staining¡with the Fe(-) solution. 

1 l 
This suggests that tho~e surface positive charges 

are probably conferred¡bY exposed amino groups. 

Whether the staining pattern with the Fe(-) solution 

according to the methods of Gasic, et a119 reflects 
1 ; 

the scarcity of positively charged groups at the 

r.1y1wpl:or10111n nu.,~C.1en c:!Oill:, c;n11wl: bo pon:l.l:.:Lve.1.y 

asserted from·the present work. However, other au-
1 

.thors have observed a similar irregular distribu-

tion pattern of positive surface charges in other 
' 
i 

cells incubated with the Fe(-) solution9• An alter-

native possibility may ;be that free carboxyl and 

other negativeiy charged groups, determining the 
.. 1 

net 0negative charge of ithe synaptosome surface, 
i 

prevent the staining o~ the basic groups by predo-
1 

1 

minant electro¡static repulsion of the negatively 
¡ 
1 

i 

charged iron particles.\ However, neuraminidase 

1 
i 
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1 

treatment before deamination followed by incubation 

with the Fe(-) solution(did not change the labeling 

pattern of the synaptosome surface in the present 

work. 



1 

~ 20 

R E F E R E N C E S 

1 Akert, K., Pfenninger;, K., Sandri, c. and Moor, H.: 

1 

Freeze etching and cy~ochemistry of vesicles and 
1 

membrane complexes in! synapses of the central ner 
1 

vous system. In G.D. Pappas and D.P. Purpura 
i 

(Eds.) Structure and function of synapses •. chap.3. 
i 
¡ 

Raven Press, Publ. New York, N.Y. 1972, pp.67-86. 
1 

i 
¡ 
1 

2 Bernacki, R.J., and Bosmann, H.B.: Red cell hydr2, 

lases. Proteinase 

plasma membranes. 

1-14. 

í 

activities in human erytrocyte 
! 
i 

J. 1 Membrane Biol. L: (.-197 2) 

1 

i 
3 Bittiger, H., and Schrebli, H.L.: Binding of Con-

i 

canavalin A:and ricin to synaptic junctions of rat 

' brain. Nature (London) 249: (1974) 370-371. 
i 
1 

¡ 
; 

4 Blanquet, P.R. and Loiez, A.: Colloidal iron used 

at pH's lower than 1 ks electron stain for surface 
i 

proteins. 

377. 

J. Histoch~. Cytochem. 22: (1974) 368-
1 

1 

r 



1 

...J 21 -
1 

5 Bloom, F.E.: The forrnation of synaptic junction in 
¡ 

developing rat brai'n. In G.D. Pappas and D.P. Pur-

1 

pura (Eds.) Structure and function of synapses. 
. ' 

1 

i Chap. 5. Raven Pres.s, Publ. New York, N. Y. 1972, 

pp. 101-120. 

6 Bondareff, W.: An intercellular substance in the 
; 

rat cerebral cortex: Subrnicroscopic distribution 

of ruthenium red. Anat. Rec. 157: (1967) 527-536. 
1 
1 

1 
! 
1 

7 Bondareff,. w. and S~Bstrand, J.: Cytochernistry of 

synaptosomes. Exp. Neurol. 24: (1969) 450-458. 

8 Bosrnann, H.B., and Carl~on, W.: Identification of 

sialic acid at the nerve ending periphery and 

electrophoretic mobility of isolated synaptosornes. 

Exptl. Cell Res. z._g.J (1972) 436-440. 
! 

9 ~randes, D., Sato, T., Ueda, H., and Rundel!, J.O.: 
!. Í 1 

Effect of vitarnin A!alcohol on the surface coat 

and charges of L1210 leukernic cells. Cancer Res. 
1 

34: (19.74) ?2151-215$. 
i 
1 

¡ 



10 

- ~2 -
1 
1 

1 

1 
1 

Brunngraber, E. G., Dekirmenj ian, H., and Brown, 
1 1 

B.D.: The distribution of protein bound N-acetyl 
1 
! 

neuraminic acid in subcellular fractions of the 

rat brain. Biochem. J. 103: {1967) 73-78. 

11 Carubelli, R., Trueco, R.E. and Caputto, R.: 
! 
1 

Neuraminidase activity in maminalian organs. 
1 
! 

Biochim. Biophys. Acta 60: (1962) 196-197. 

12 Clausen, J. and Rosénkast, P.: Isolation of acid 

mucopolysaccharides of human brain. J. Neurochem. 

9: (1962) 392-398. 

,. 
13 Cook, G.M.W., Heard,; D.H. and Seaman, G. V.R.: 

14 

¡ 

i 
Sialic acid and the !electrokinetic charge. of the 

1 

¡ 
1 

human erythrocyte. ¡Nature (London), 191: (1961) 
! ¡ 

44-47. i 
! 

Cuatrecasas, P., 
i ! 

an9 Illiano, G.: Membrane sialic 
! 

acid and the mechan~sm of insulin action in adipose 

tissue cells. 

dase. J. Biol. 

; 

Effects of digestion with neuramini . 
: 
¡ 

Chem.: 246: (1971) .4938-4946. 
! 
! 



- 23 -

15 Cuatrecasas, P.: Irisulin receptor of livér and 
1 

! 
fat cell rnembranes.; Fed. Proc.· 32: (1973) 

1838-1846. 

16 Currie, G'.A. and Bagshawe, K.D.: The role of 

sialic ac;id in antigenic expression. Further 

studies of the Landscpfltz ascites tumor. Brit. 

J. Cancer. 22: (1968) 843-853. 

17 De Robertis, E., Pellegrino de Iraldi, A., Ro

dríguez de Lores Arnaiz, G., and Salganicoff, 
1 

L.: Cholinergic and non-cholinergic nerve end-

ings in rat brain. I. Isolation and subcellular 

distribution of acetylcholine and acetylcholin

esterase. J. Neurodhern. i= (1962) 23-35. 

18 Dicesare, .J .L., and Rapport, M.M.: Availability 

to neurarninidase o~ gangliosides and sialogly-
i 

coproteins in neuronal rnernbranes. J. Neurochern. 
u i 

20: (1973) 1781-1783. 

19 Gasic, G. J., Berwich, L., . and Sorrentino,," M.: 
1 
1 

Positive and negative colloidal iron as cell surface 

electron Invest. 18: (1968) 63-71. 



_, 24 - " 

20 Gielen, w., and Harpprecht, V.: Die neuraminidase 

-aktivitat in einigen regionen des rindergehirns. 
. ! 

! 

Hoppe- Syler' s z. Pfiysiol. Chem. 350: (1969) 201-

206. 

1 

21 Gombos, G., Morgan, i I., B:t'eckenridge, w.~., 
! 
1 

• i 
Breckenridge, J.E.,:and Vincedon, G.: Ini:¡olement 

et struqture biochemique de la membrane synapto-
1 

1 

somale. c. r. séancl Soc. Biol. (Paris) 165: 

(1971) 499-506. 

i 
22 Gray, D.B.L, and .Irwing, L.N.: Sialic acid content 

of the optic tectum:of the developing chick 

embryo. J. Neurobioi. 4: (1973) 487-490. 

23 James, D.Wi and Tresman, R.L.: The surface coats 

9f chick dorsal root ganglion cells in vitre. 
i 

J. Neurocytol. 1: (1972) 383-395. 

24 Jones, B.M.-: A unifying hypothesis of cell adhe 

i 
sion. Nature (Londoq) 212:, (1966) 362-365. 

1 



i 

- i25 -
! 

25 Jorgensen, o.s. aria Bock, E.: Brain specific 

. . 1 

synaptosornal rnernbr:ane proteins dernonstrated by 

crossed irnrnunoelectrophoresis. J. Neurochern. 

23: (1974) 879-BBd. 

26 KarnovskY,, M.J., and Unanue, E.R.: Mapping and 

rnigration of lyrnphocyte surface rnacrornolecules. 

Fed. Proc. 32: (1973) 55-59. 

27 Keinp, R.B.: Studie,s C?n the role of cell surface 

sialic acids in intercellular adhesion. Folia 
1 
1 

Histochern. Cytochem. 9: (1971) 25-30. 

i 
\ 

28 Landon, D.N., and Langley, O.K.: The local 

• ' 1 chemical environment of nodes of Ranvier: a 
) ' 

study of cation bi'nding. J. Anat. {London) 
i 
1 

108: (197:J.) 419-43:2. 

29 Lehriinger, A.L.: The neuronal rnernbrane. Proc. 

30 

Nat. Acad. Sci. 60:: (1958) 1069-1080. 

t 1 

Lillie, R.D.: Acetylation and nitrosation of 
1 

tissue amines in h'.istochernistry. J. Histochern. 
¡ 
1 

6: (1958) 3 52-362. ! 
. 1 



""l 26 -

1 . 

31 Lillie, R.D.: Histopathologic technic and prac-

tical.histochemistry. Blakiston, Co., Division 

of McGraw-Hill Book Co. ,· New York, N.Y.. 1954. 

pp. 162 and 357. 

32 Livett, B.G., Rost'as, J.A.P., Jeffrey, P.L., and 

Austin, L.: Antige:nicity of isolated synaptosomal 

membranes. Exptl. Neurol. 43: (1974) 330-338. 

33 Lowry, o,_., Rosebr~ugh, N.J., Farr, A.L. and 

! 

34 

Randall, R.J.: Protein measurement with the folin 
' 

phenol r~agent. 

275. 

J.1 
1 
¡ 
1 
1 

1 

Biol. Chem. 193: (1951) 265-

, r. 
Luft, J.H.: Iniprov'ements in epoxy resin embedding 

i 
1 

methods. :J. Biophy;s. Biochem. Cytol. 9: (1961) 

409-414. 

¡ 
i 

35 Marchesi, V.T.: Sorne properti~s of membrane glyco 

i 
proteins.~In G.W. ~ichter and D.G. Scarpelli 

i 

i 
(Eds. )·: Cell membranes. Biological and Pathologic.al 

i 
1 

aspects. The Williiams & Wilkins Co., Baltimore, Md. 
1 

¡ 
1971, pp. B 145-150.1 

1 
1 



36 

' 1 

- ;21 -

Martínez-Palomo, A.
1
: The surface coats of animal 

cells. Internat. Rey. Cytol. 29: (1970) 29-75. 

37 Morton, J.A.: Sorne bbservations on the action of 
1 

blood-group antibodies on red cells trkated with 
i 
! 

proteolytic enzymesl Brit. J. Haematol. ª-= (1962) 

134-148. 

38 Palade, G.E.: A study of fixation for electron 

microscopy. J. Exptl. Med. 95: (1952) 285-297. 
i 
i 
1 
! 
1 · 

39 Parsons, D.F. and Subjeck, J.R.: The morphology 
: 

of the polysaccharide coat of mammalian cells. 

l . 

Biochim. Biophys. Acta 265: (1972) 85-113. 

40 Peachy, L.D.: Thin sections. I. A study of sec-
1 
i 

tion thickness and physical distortion produced 

during microtomy. 
) 

(1958) 233;...242~ 

i 
! 

J~ Biophys. Biochem. cytol. 4: 

1 
1 

1 



- 28 -

41 Pérez de la Mora, M., Feria-Velasco, A., and Ta 
1 

p~a, R.: Pyridoxalfphosphate and glutamate 

decarboxylase in s~bcellular particles of mouse 
; 
1 

brain and their reiationship to convulsions. 
. 1 

1 

J. Neurochem. 20: (1973) 1575-1587. 

i 

42 Pinto Da Silva, P.; Martínez-Palorno, A., and 

González-Robles, A.: Mernbrane structure and 
! 

surface coat of Entamoeba histolytica. Topo

chemistry and dynarnics of the cell surface: 
1 1 

Cap formation and;microexudate. J. Cell Biol. 

64: (197 5) 538-550 ~ 

43 Rambourg, A., and Leblond, C.P.: Electron 

microscope observations on the carbohydrate 
¡ 

rich cell coat present at the surface of cells 
: 

in the rat. J. Cell Biol. 32: (1967) 27-54. 

44 Rosernan, S.: Cornplex carbohydrates and intercel 

_lular adhesion. IniA. A. Moscona (Ed.) The cell 

surface in developrnen~. Chap. 13, John Wiley & 

Sons, New York, N.Y., 1974. pp. 255-271. 
! 



45 Sabatini, D.D., Bensch, K., and Barrnett, R.J.: 

Cytochemistry and electron rnicroscopy. The 

preservation of cellular ultrastructure and 

enzyrnatic activity:by aldehyde fixation. J. Cell 
1 l 

Biol. 17: (1963) 19-58. 

46 Schengrund, c.-L., ¡and Rosenberg, A.: Intracel

lular location and'properties of bovine brain 

sialidase. J. Biol. Chem. 245: (1970) 6196-6200. 

47 Sellinger, o.z., and Borens, R.N.: Zonal density 

gradient electrophoresis of intracellular rnern

branes of: brain cortex. Biochirn. Biophys. Acta 

173: (1969) 176-184. 

48 Sellinger, o.z., Borens, R.N., and Nordrurn; L.M.: 
i 

The action of trypsin and neurarninidase on the 

synaptic mernbranes of brain cortex. Biochirn. 

Biophys. Acta 173: (1969) 185-191. 

49 Stempak, J.G., ana!ward, R.T.: An irnproved 

staining rnethod for electron rnicroscopy. J. Cell 

i 

Biol. 22: (1964) 697-701. 



1 

- 30 -
i 
! 
¡ 

50 Svennerholm, L.: C~omatographic separation of 
¡ 

human bra~n gangli6sides. J. Neurochem. 10: 

(1963) 613-623. 

51 Tauc, L., and Hinzen, D.H.: Neuraminidase: Its 

effect on synaptic!transmission. Brain Research, 

80: (1974) 340-344¡ 

52 Toner, P.G. and carr, K.E.: Cell structure 

(Ed. 2) Churchill iivingstone. Edinburgh 1971. 
i 

pp. 13, 57, and 109. 

53 van Nieuw Amerongen, A., and Roukema, P.A.: 
¡ 
¡ 

GP-350, a sialoglycoprotein from calf brain: 
! 

its subcellular localization and occurrence in 
¡ 
1 1 

various brain areas. J. Neurochem. 23: (1974) 

85-89. 

1 
! 
1 

54 Van Nieuw Ameronge~, A., Roukema, P.A. and van 

Rossum, A.L.: Iirunuriofluorescence study on the 

cellular localization of GP-350, a sialoglyco-
i 

protein from brainJ Brain Research, 81: (1974) 

1-19. 



55 van Nieuw 

Heijlman, 

- Bl -
1 

1 

1 

1 

1 

l 
¡ 

Amerongien, A., Van Den Eij nden, D.H., 
1 

J., and Roukema, P.A.: Isolation and 

cliaracterization ;of a soluble glucose-containing 
. i 

sialoglycopr_otein1 from the cortical gray matter 
i 
' 
i 

of calf brain. J.¡ Neurochem. 19: (1972} 2195-2205. 
1 

' 
' 
i 

56 Vienable, J.H., and Coggeshall, R.: A simplified 

lead citrate stai:n for use in electron microsco-

py. J. Cell Biol.; 25: (1965) 407-408. ,-· 
¡ 

57 Vos, J., Kuriyama, K., and Roberts, E.: Distri

bution of acid mucopolysaccharides in subcel-

·58 

i 
lular fractions of mouse brain. Brairi Research, 

12: (1969} 172-179. 
1 

! 
i 
1 

Vos, J., Kuriyama~ K., and Roberts, E.: Elec-

trophoretic mobil~ties of brain subcellular par 
i 

ticles and bindin~ of {-aminobutiric acid, ace.;. 

tylcholine, 

mine. Brain 

¡ 
norepinephrine and 5-hydroxytry.pta-

j 

Research 9: :(1968} 224-230. 
1 

1 
1 



1 
- [32 -

1 

! 
59 Wallach, D.F.H., and Karnat, V.B.: The contribu

; 
. . 

tion of sialic aciq to the surface charge of 

i 
fragments of plasma membrane and endoplasmic 

reticulum. J. Cell !Biol. 30: (1966) .. 660-663. 

60 warren, L.: The thiobarbituric acid assay of 
' 1 

i 
sial:lc acid. J. Bidl. Chem. 234: (1959) 1971-

1975. 

61 Weiss, L.i Sialic a'cid as a structural component 

l . 1. 
of sorne mamma ian tissue cell surfaces. Nature 

i 

! 
(London), 191: (196j) 1108-1109. 



TABLE I. 

1 

i 
1 
1 
1 

! 
SIALIC ACID IN MOUSE BRAIN; SYNAPTOSOMES AND SIALIC ACID 

1 

1 

RELEASED BY TREAT.MENT WITHj PURIFIED Cl. perfringens 
i 

NEURAMINIDASE 1 

1 
1 
1 
i 

Data represent means±SEM fbr the number of experiments 

shown in parentheses. 

1 Af ter severe ¡ 

1 

acid Jiydrolysi~ 

1' ~ 

nmoles/mg 4.3 - º·ººª 
> 

synaptosome (6) 

protein 

* synaptosome protein 

Release by treatment with 

purified neuraminidase 

( 5 pg/mg*) 

0.924 :t 0.075 

(6) 

Boiled 

0.005 :t 0.002 

(6) 



TABLE II. 

ULTRASTRUCTURAL FINDINGS WHEN SYNAPTOSOMES WERE .. TREATED 

WITH COLLOIDAL IRON SOLUTIONS UNDER VARIOUS CONDITIONS. 

Fe(+) = Colloidal 

Fe(-) = Colloidal 

Procedure 

;Fe(+) 

~ethylation-Fe(+) 

iron so+ution, 

iron.soiution, 

! ¡ 

1 

1 

' 1 

1 

Neuraminidase-Fe ( +) 1 

i 
Boiled neuraminidase-Fe (-fi) 

1 

i 
L. 

Fe(-) 

Deamination-Fe(-) i 
1 

1 ¡ 

Neuraminidase-De.aminatio~-Fe ( -) 
1 
i 
i 
1 

1 

pH 1.8 

pH 4.0 

Electrondense deposits 

at synaptosome surface 

Homogeneous 

None 

None 

Homogeneous 

Non-homogeneous 

None 

None 



LEGENDS OF FIGURES 

FIGURE l. Homogeneous:labeling pattern was:observed 

a-q synaptos~me surface after incubation 
1 
1 

of. synaptos!:,mal fraction with the Fe(+) 

solution. Unstained section (18,000x). 

FIGURE 2. Fine electrondense deposits (arrow) were 

homogeneously dis.tributed at synaptosome 
1 

¡ 
surface after incubation with the Fe { +) 

i 
1 

solution. tinstained section {40,000x). 

FIGURE 3. Nó particul1ar distribution pattern of 
; 

deposits was observed at the synaptic 
' ' 

1 

cÓntact ar~a (arrow) after incubation 

with the F~{+) solution. S= synaptic ter 
' 1 

minal containing a mitochondrion {m) and 
1 

clear synaptic vesicles (v). Unstained 

section (40,000x). 
1 

1 



' 

FIGURE 4. Synaptosorne ifract{~n bri.efly washed in 
! 

' 1 

2M NaCl befqre fixation and incubation 
i 

with the Fe(:+} solution. Although the 

synaptosornes (S) appear shrunken, fine 
1 

electrondense deposits (arrows) are 

di~closed hornogeneously distributed at 
i 

their surfade. rn = intraterrninal rnitQ. 
1 

chondria; v b synaptic vesicles. 
i ' 

Unstained s~ction (40,000x). 

FIGURE S. No deposits ~ere observed at synaptosorne 

surface' (sho;rt arrow) when the sarnples 
~ r 

were incubat.ed with purified Cl. perfrin-
1 

1 

gens neurarninidase before fixation and 
1 

incubation with the Fe(+) solution. Long 
1 

·arrow = synaptic contaét area. Unstained 
i 

section (30,000x). 
1 

1 

j 



~. 
i 
1 

FIGURE 6, Electrondens'e deposite (.arrows) appear ho 
1 

rnogeneously :aistributed at synaptosorne sur 
! 

face after ibcubation with boiled purified 

el. perfringens neurarninidase prior to 

fixation anal incubation with the Fe(+) so
l 

lution. rn = intraterminal mitochondria; 
¡ 
1 

v = synaptid vesicles. Unstained section 
1 

(40, OOOx) • ! 

FIGURE 7. No deposits ~ere observed at the synaptosorne 
1 j 

1 

surface when:the sarnples were treated with 
1 
! 
: 

rnethanolic HCl solution (methylation proce 
1 -

dure) before¡ incubation with the Fe(+) so-
( 1 

lution. m = ~ntraterrninal mitochondria~ 
¡ 

v = synaptic vesicles. Unstained section 

(40,000x). 



FIGURE 8. 

¡ 
1 

Non-hornogeneously distributed pattern of 
1 . 

electrondei,-se deposits (arrows) was ob-

served ~t synaptosorne surface when the 
! 
¡ 

synaptosorn~s were incubated with the 
1 
i 

Fe ( -) · solution. rn = intraterminal rnito-
1 
' 
' 

chondria; y= synaptic vesicles. 
1 

Unstained ~ection (40,000x). 

1 

FIGURE 9. No electrondense deposits were observed 

i 
at synaptosorne surface (arrows) when the 

synaptosornes were subjected to a dearnina 
' 1 '. -

tion procedure before incubation with 
1 

: 1 

the Fe{-) solution. Unstained section 
'· 

{40,000x). 
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