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Glycosidase enzyme digestion in combination with postembed- 
ding lectin cytochemistry was used to study the carbohydrate 
composition of axonally transported glycoproteins. A cold block 
procedure for the interruption of axonal transport was employed 
to increase selectively the population of anterograde moving 
components on the proximal side of the transport block. Elec- 
tron-microscopic observations revealed that a cold block applied 
to the sciatic nerve of an anesthetized rat produced an increase 
in axonal smooth membrane vesicles at a site directly proximal 
to the cold block. Postembedding lectin cytochemistry of the 
sciatic nerve demonstrated a substantial increase in concanav- 
alin A (Con A), wheat germ agglutinin (WGA), and succinylat- 
ed WGA binding sites in axons directly proximal to the cold 
block. Endoglycosidase H (endo H) digestion prior to lectin 
cytochemistry characterized a large population of the axonally 
transported Con A binding sites as polymannose and/or hybrid 
N-linked oligosaccharides (endo H-susceptible). A distinct pop- 
ulation of neuraminidase-resistant WGA binding sites was also 
found in axons directly proximal to the transport block. The 
concomitant increase in smooth membrane vesicles and lectin 
binding sites in axons at the transport block supports the hy- 
pothesis that a system(s) of smooth membrane inside the axon 
is involved in the transport of glycoproteins from the cell soma 
to their cell surface destinations. Results of glycosidase diges- 
tions and lectin cytochemistry experiments suggest that many 
of the axonally transported glycoprotein carbohydrates are 
polymannose and/or hybrid N-linked oligosaccharides. This ob- 
servation is especially interesting in relation to our previous 
reports, which indicated that most lectin binding sites on the 
neuronal cell surface are composed of complex oligosaccharides. 

Lectin cytochemistry in conjunction with glycosidase enzyme 
digestions has been used in our laboratory to study the rela- 
tionships between intra- and extracellular glycoconjugates in 
nervous tissue (Hart and Wood, 1984, 1985, Wood and Mc- 
Laughlin, 1976; Wood et al., 1974, 1981). The results of these 
studies show that the cisternae of membranous organelles in the 
somata, dendrites, axons, and presynaptic terminals of cerebel- 
lar neurons contain a majority of lectin binding sites that are 
distinct from the lectin binding sites of the neuronal plasma 
membrane as determined by differences in their susceptibility 
to endo- and exo-glycosidase enzyme digestions. At least some 
of these lectin-labeled membrane compartments are the sites of 
protein translation (rough endoplasmic reticulum, or RER), 
posttranslational modification (Golgi complex), and perhaps the 
vehicle for transport to the synaptic terminal cell surface (see 
Grafstein and Forman, 1980; Hammerschlag, 1984; Hammer- 
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schlag and Stone, 1982, for reviews). Therefore, the ability to 
characterize in situ the carbohydrate composition of lectin bind- 
ing sites of intracellular membrane compartments and on the 
cell surface may further our understanding of the site(s) of gly- 
coprotein oligosaccharide processing in neurons. 

In this study we have used a modification of the cold block 
technique of Hanson (1978) to interrupt axonal transport in the 
sciatic nerve of rats in order to increase the content of antero- 
gradely transported glycoproteins at a focal point along the nerve. 
Results of postembedding lectin cytochemistry and endo- and 
exo-glycosidase digestions of the cold-blocked sciatic nerve in- 
dicated that some of the axonally transported glycoprotein car- 
bohydrates were polymannose or hybrid oligosaccharides. A 
portion of this work has appeared in abstract form (Hart and 
Wood, 1983). 

Materials and Methods 

Materials 
Concanavalin A (Type IV), or-methyl-o-mannoside, HRP (Type VI), 
3-3’- diaminobenzidine, protease (Type VI, from Streptomyces griseus), 
and neuraminidase (Type VI, from Clostridium perfringens) were from 
Sigma Chemical Company (St. Louis, MO); endo-@-N-acetylglucosa- 
minidase H was from Miles Laboratories, Inc. (Elkhart, IN); fluorescein 
isothiocyanate (FITC)-labeled lectins were from EY Laboratories Inc. 
(San Mateo, CA); and glutaraldehyde (8%) and paraformaldehyde from 
Polysciences Inc. (Warrington, PA). All other chemicals were reagent 
grade. Adult Sprague-Dawley rats (male), l-2 months old, were used 
for this study. 

Endo H digestion of hybrid and complex glycoproteins in vitro 
The lectin binding characteristics of specific glycoproteins with known 
N-linked oligosaccharide compositions were studied using ovalbumin 
(polymannose and hybrid ligosaccharides) and fetuin (complex oligo- 
saccharides). Each protein was dissolved in distilled water with 1.2-fold 
weight excess SDS and boiled for 5 min. The protein solutions were 
then dialyzed for 48 hr in a total of 3 liters of distilled water containing 
0.15% SDS. Protein concentrations were determined by the Lowry pro- 
cedure (Lowry et al., 195 1). Ovalbumin (0.5 mg) and fetuin (0.5 mg) 
were each digested with endo H (7.5 mu) in 0.1 M citrate-phosphate 
buffer (pH 5.6) with 1 mM phenylmethylsulfonyl fluoride (PMSP) for 
20 hr. The enzyme digestions were stopped by the addition of an equal 
volume of 0.5 M Tris (DH 6.8) containing 2% SDS. 30% elvcerol. and 
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0.25 M DTT. 
The action of endo H on the glycoproteins was assayed by three 

techniques: (1) the difference in migration distances between control 
and enzyme-treated proteins on 12% polyacrylamide gels stained with 
Coomassie blue using the discontinuous buffer system of Laemmli (1970); 
(2) lectin staining of the gel by the procedure of Wood and Sarinana 
(1975); or (3) electroblotting the gel onto nitrocellulose by the method 
of Towbin et al. (1979) and lectin staining the nitrocellulose transblot 
essentially by the steps described by Wood and Sarinana (1975), except 
for a preincubation step for 1 hr at room temperature with 3% BSA in 
PBS and the addition of 3% BSA to the lectin incubation and HRP 
steps. 
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Axonal transport blocks 
For these studies the animal was anesthetized with Nembutal (1 cc/kg 
body weight), and the hair was removed from the lateral hindquarters. 
The sciatic nerve beneath the gluteal muscles was exposed and carefully 
dissected free of most conne&ve tissue. 

A modification of the cold block techniaue of Hanson (1978) was 
used to interrupt axonal transport in the sciatic nerve of rats. To cool 
the nerve a hook-shaped sterling silver wire (0.5 mm diameter) attached 
to the bottom of a double-walled brass cylinder was carefully placed 
around the exposed sciatic nerve of an anesthetized rat. A chilled so- 
lution of propylene glycol and water (1:l) was circulated through the 
double-walled cylinder to produce a temperature at the silver wire of 
0-5°C. At a point 3 mm proximal to the chilled silver wire, an identical 
device was placed around the sciatic nerve, and warm water was cir- 
culated through the cylinder to produce a temperature of 37°C at the 
wire. Warming of the nerve proximal to the cold block was necessary 
to produce a focal point of inhibition of axonal transport as described 
previously (Tsukita and Ishikawa, 1979, 1980). After a 6 hr cold block, 
the positions of the silver wires were marked on the adjacent muscle 
with India ink and the animal was fixed by vascular perfusion as de- 
scribed previously (Hart and Wood, 1984). 

Control experiments were performed in parallel with the same animal 
by placing silver wires, at ambient temperature, around the opposite 
sciatic nerve. These wires were left in place for the same period of time 
as the experimental cold block wires. The control and experimental 
sciatic nerves were processed further in an identical fashion. After a 20 
min perfusion with fixative, both sciatic nerves were flooded with lix- 
ative for another 20 min. During this time the nerves were cut both 
proximal and distal to the cold block in a way to identify the different 
ends of the cut nerve and carefully dissected out of the animal. The 
nerves were then placed in fixative for the remainder of a period of time 
to total 60 min beginning from the start of the perfusion. The nerve 
segments were then placed in 4% paraformaldehyde in 0.12 M Millonig’s 
buffer (Millonig, 196 1) overnight at 4°C. The next morning the nerves 
were washed in PBS, sectioned longitudinally at 200 pm on a Lancer 
vibratome, and processed for postembedding lectin cytochemistry or 
electron microscopy. 

Embedment and etching of tissue 
The primary fixative and embedding procedure used in previous reports 
of me-embedding lectin cytochemistry (Hart and Wood, 1984; Wood 
et al., 1974, 1981) was used for postembedding techniques except for 
the 0~0, postfixation step. The tissue embedded in Embed-Araldite 
was sectioned at 0.5 pm and mounted on glass microscope slides. The 
section plastic was removed by etching with a solution of saturated 
sodium ethoxide : absolute ethanol (1:4) as described by Lane and Eu- 
ropa (1965). The etched tissue sections were rinsed in absolute ethanol, 
hydrated, and rinsed with buffer in preparation for enzyme digestion 
and lectin labeling. In some experiments a protease (S. griseus) digestion 
(0.1%) in PBS at 37°C prior to lectin cytochemistry was performed to 
confirm that the lectin receptors in the etched tissue sections were gly- 
coproteins. 

Characterization of Con A binding sites 
Endo H (0.1 unit) was dissolved in 200 ~1 0.10 M citrate-phosphate 
buffer (pH 5.6). In some experiments, 0.05% SDS was included in the 
enzyme incubation. The final solution contained 1 .O mM phenylmeth- 
ylsulfonyl fluoride (Sigma) as a protease inhibitor. The etched tissue 
sections were digested with the endo H solution in a moist environment 
at 37°C for 20 hr. Etched tissue sections incubated in 200 ~1 of 0.10 M 

citrate-phosphate buffer minus endo H were used for the enzyme control. 
After endo H digestion, or an incubation in buffer without enzyme, 

the sections were washed for 10 min with citrate-phosphate buffer (two 
changes) followed by a PBS wash for 15 min (three changes). The tissue 
sections were then processed for Con A lectin cytochemical labeling as 
described previously for pre-embedding experiments (Hart and Wood, 
1984). A slide of etched tissue sections in the citrate-phosphate buffer 
minus endo H was incubated with Con A in PBS containing 0.2 M 

ol-methyl-D-mannoside as a hapten control. After the diaminobenzidine 
incubation step, the sections were washed for 30 min PBS (three changes) 
and mounted with 20% glycerol in PBS. 

Characterization of WGA binding sites 
Neuraminidase enzyme digestion (1 .O unit, from C. perfringens) of 
etched tissue sections was performed in 250 ~1 of 0.15 M sodium acetate 

buffer (pH 4.5) for 20 hr at 37°C in a moist environment. BSA (0.6 mg/ 
ml) was included in the neuraminidase enzyme solution as suggested 
by Cassidy et al. (1965) to prevent the progressive inactivation of the 
enzyme during long incubation periods. After enzyme digestion of the 
tissue sections, the slides were rinsed in sodium acetate buffer (15 min) 
and subsequently in PBS (15 min, three changes) prior to lectin cyto- 
chemistry. 

The enzyme-treated and control tissue sections (incubated in buffer 
minus the enzyme) were preincubated with 0.5% BSA in PBS prior to 
and during lectin cytochemistry to inhibit nonspecific binding of the 
lectins to the tissue sections. The sections were incubated with either 
WGA-FITC (0.25 mg/ml in PBS) or succinylated WGA (sWGA)-FITC 
(0.2 mg/ml in PBS) for 3 hr at 37°C in a moist environment. The native 
lectin and its succinylated derivative were used in combination with 
neuraminidase digestion to help identify populations of carbohydrates 
that contained both internal G 1 cNAc and terminal NANA sugars (binds 
WGA and not sWGA) or oligosaccharides that contain GlcNAc without 
terminal NANA sugars (binds WGA and sWGA) (Bhavanandan and 
Katlic, 1979; Monsigny et al., 1980). Lectin control tissue sections were 
treated exactly the same as enzyme control tissue sections, except that 
the appropriate hapten sugar (200 mM GlcNAc for WGA and sWGA) 
was included in the lectin incubation step. Following the lectin incu- 
bations, the tissue sections were washed in PBS (25 min, three changes) 
and mounted with 20% glycerol in PBS. 

Photomicrography 
The lectin-FITC-labeled tissue sections were photographed with a Leitz 
Laborlux 12 microscope using an epifluorescence illumination system. 
Peroxidase-labeled tissue was observed and photographed using phase- 
contrast optics. To analyze the effects of enzyme treatment on lectin 
labeling of the tissue sections, identical exposure conditions were utilized 
for both control and experimental tissue sections. 

Results 

Endo H digestion of ovalbumin and fetuin 
Endo H digestion of glycoproteins with known carbohydrate 
compositions was designed to prove that removal of specific 
glycoprotein oligosaccharides resulted in a loss of specific lectin 
binding capabilities. Ovalbumin, a highly glycosylated protein 
with a mixture of high mannose and hybrid N-linked oligosac- 
charides (Kobata, 1979) lost the ability to bind Con A after an 
incubation with endo H (Fig. 1, C and D). Previous reports 
(Fries and Rothman, 1980) have already described the increased 
mobility of endo H-susceptible glycoproteins on SDS-PAGE 
after an enzyme treatment (Fig. 1, A and D). Fetuin, a glyco- 
protein with endo H-resistant, complex N-linked oligosaccha- 
rides (Spiro, 1964), did not demonstrate increased electropho- 
retie mobility (Fig. 1, E and F) or a loss of Con A binding (Fig. 
1, G and H) after endo H digestion. These results emphasize 
that the enzymatic action of endo H on glycoproteins can be 
determined using lectin binding studies. 

The cold block technique 
A cold block of the sciatic nerve in rats (12 animals) to interrupt 
axonal transport in combination with postembedding lectin cy- 
tochemistry was used to study the carbohydrate composition of 
glycoproteins undergoing anterograde axonal transport. The cold 
block procedure used in this study was similar to a method 
reported to cause physical trauma to the nerve (Tsukita and 
Ishikawa, 1979). In our experiments, one vibratome slice from 
each segment of a nerve used for cytochemical analysis was 
processed for electron microscopy. In all sections of control or 
experimental nerves, no sign of physical damage was found at 
the light- or electron-microscopic levels. 

Electron microscopy 
Ultrastructural differences between control and experimental 
nerves were observed in axons directly proximal to the chilled 
silver wire (0-X) compared to axons directly proximal to a 
silver wire held at ambient temperature (Fig. 2, A and B). Axons 
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in the control nerve or outside the cold block area in experi- 
mental nerves had the typical ultrastructural composition of 
axons in the PNS (Fig. 2.4) including a sparse distribution of 
membrane vesicles typically located in the peripheral axoplasm. 
A prominent increase in smooth membrane vesicles in the pe- 
ripheral axoplasm was a general feature of axons directly prox- 
imal to the cold block (Fig. 2B). At the cold block some axonal 
profiles not showing a noticeable increase in smooth membrane 
vesicles in the internodal segment did have a large increase in 
membrane profiles at the node of Ranvier (not shown). This 
increase was over and above the usual amount of membrane 
organelles observed at the nodes of axons in control nerves. 

Glycosidase enzyme digestion and lectin cytochemistry 
A cold block of the sciatic nerve for 6 hr with the incorporation 
of the proximal warming device resulted in increased axonal 
Con A binding sites directly proximal (0.5 mm or less) to the 
site where the chilled silver wire was applied around the nerve 
(Fig. 3A). In regions of the nerve outside the cold block area or 
in the control nerve (opposite sciatic nerve) directly proximal 
to a silver wire maintained at ambient temperature, the axons 
had very light, if any, Con A-peroxidase reaction product (Fig. 
3B). Tissue sections taken directly proximal to the cold block 
and incubated with Con A plus the hapten sugar (0.2 M cy-me- 
thyl-r>-mannoside) did not exhibit peroxidase reaction product 
(Fig. 3A’). This demonstrated that the staining pattern was spe- 
cific for Con A binding sites, and also showed that the reaction 
product did not result from endogenous peroxidase activity in 
the tissue. A protease digestion (0.1% in PBS) of etched tissue 
sections for 3 hr at 37°C prior to lectin cytochemical staining 
removed the Con A binding sites in the axons (not shown), 
suggesting that most of the lectin binding sites were glycoprotein 
carbohydrates. 

Endo H digestion of etched sections from a cold block nerve 
resulted in a substantial decrease in Con A peroxidase labeling 
in axons (Fig. 3, E and F). Enzyme control experiments using 
etched sections from the same area of the cold block nerve as 
endo H-treated sections showed a heavy peroxidase reaction 
product after Con A labeling (Fig. 3, C and D). The enzyme 
control experiments also demonstrated that an incubation at 
low pH (pH 5.6) for an extended period of time (20 hr) did not 
destroy or alter the lectin binding sites. The biochemical char- 
acterization of axonal Con A binding sites, visualized by cy- 
tochemical labeling, as endo H-sensitive showed that a popu- 
lation of the transported carbohydrates was N-linked 
polymannose and/or hybrid oligosaccharides. 

Axons in the cold block nerve that were heavily labeled with 
Con A (Fig. 3A) were also found to be highly fluorescent after 
WGA-FITC labeling (Fig. 3G). Hapten control experiments with 
0.2 M GlcNAc and WGA-FITC resulted in no observable flu- 
orescence (Fig. G’) in sections taken from the same area as in 
Figure 3G. Neuraminidase digestion of etched tissue sections 
taken from the same tissue block as the Con A and WGA studies 
showed a decrease, but not a total loss, of WGA binding sites 
in some axons (Fig. 3H). 

The partial loss of WGA-FITC labeling in axons after a neur- 
aminidase enzyme digestion indicated that only a certain por- 
tion of these lectin binding sites were dependent on a terminal 
NANA residue. Previously, we have shown that the cell surface 
of neurons and the neuropil of the cerebellar deep nucleus con- 
tain WGA binding sites that are completely removed by neur- 
aminidase digestion (Hart and Wood, 1985; Wood et al., 198 1). 

To investigate further the nature of the neuraminidase-resis- 
tant WGA binding sites, sWGA lectin cytochemistry was per- 
formed on control and cold block nerves. Axons in control 
nerves or in experimental nerves outside the cold block area 
did not contain sWGA-FITC binding sites observable at the 
light-microscopic level (Fig. 31). Axons at the cold block site 
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Figure 1. SDS-PAGE and lectin labeling of endo H-treated glycopro- 
teins. Ovalbumin (0.5 mg) and fetuin (0.5 mg) were each incubated with 
endo H (7.5 mu) in 0.1 M citrate-phosphate buffer (pH 5.6) for 20 hr 
at 37°C. Control experiments, run in parallel with the enzyme digestions, 
incubated the glycoproteins in buffer minus the enzyme for 20 hr at 
37°C. Aliquots of the incubation mixtures were diluted in a sample 
buffer and electrophoresed using a 12% acrylamide gel. Gels stained 
with Coomassie blue showed that ovalbumin migrated further into the 
gel after endo H digestion (lane B) compared to an incubation in buffer 
alone (lane A). L&tin staining of the gel by the method of Wood and 
Sarinana (1975) showed that the Con A binding sites of ovalbumin (lane 
C) were removed by an endo H digestion (lane D). Coomassie blue 
staining of gels also showed that the migration of fetuin (lane E) was 
not affected by endo H digestion (lane F). Also, nitrocellulose transblots 
of fetuin gels showed that the Con A labeling of fetuin (lane GJ was not 
inhibited by an endo H digestion (lane H). 

did contain a prominent sWGA-FITC fluorescence (Fig. 3J). 
Since sWGA does not bind to glycoconjugates containing ter- 
minal NANA residues but does bind to glycoconjugates con- 
taining GlcNAc (Monsigny et al., 1980; Wood et al., 1984), 
these results complement the results showing a significant pool 
of neuraminidase-resistant WGA binding sites proximal to the 
cold block. It should be noted that, although virtually all cell 
surface WGA binding sites are neuraminidase-sensitive, the 
presence of NANA is not an absolute requirement for WGA 
binding to glycoconjugates. The intense neuraminidase-insen- 
sitive binding of WGA to opsin (Wood et al., 1984) is a good 
example, since this photoreceptor glycoprotein contains ter- 
minal GlcNAc residues and no sialic acid. By analogy to opsin, 
it is tempting to speculate that the pool of sWGA-positive and 
neuraminidase-insensitive/WGA-positive binding sites proxi- 
mal to the cold block may be composed of terminal GlcNAc 
residues on glycoconjugates, but we have no independent evi- 
dence for this. These results do, however, continue to indicate 
that the cytochemical properties of a pool of intracellular ax- 
onally transported glycoconjugates differ from the bulk of the 
plasma membrane glycoconjugates, and this difference must be 
explained. Hapten control experiments with 0.2 M GlcNAc and 
sWGA-FITC displayed no observable fluorescence (not shown). 

Discussion 
The axonal transport blocks used in this study provided a means 
of increasing the population of anterogradely transported gly- 
coproteins at a focal site along the sciatic nerve. This was an 



1366 Hart and Wood Vol. 6, No. 5, May 1986 

Figure 2. Electron microscopy of axons in control and cold block nerves. A, Axons in control nerves, shown in this micrograph, or axons outside 
the cold block area in experimental nerves had a normal distribution of smooth membrane vesicles (arrows) in the peripheral axoplasm and an 
abundance of neurofilaments (arrowheads) (x 37,000). B, Axons inside the cold block area of an experimental nerve had a large accumulation of 
smooth membrane vesicles (arrows) in the peripheral axoplasm and a clumping of neurofilaments (arrowheads) in the center of the axon. x 18,150. 

essential prerequisite for studying the transported glycoprotein 
carbohydrates because axonal profiles in either control nerves 
or experimental nerves outside the cold block area exhibited 
very few lectin binding sites at the light-microscopic level. More 
importantly, the cold block allowed for a selective increase of 
binding sites moving in the anterograde direction. 

Electron-microscopic examination of the sciatic nerve directly 
proximal to the cold block showed an increased number of 
smooth membrane vesicles in axons when compared to the 
control nerve or in the experimental nerve greater than 0.5 mm 
proximal to the cold block. Previous reports using cold block 
techniques (Ellisman and Lindsey, 1983; Tsukita and Ishikawa, 
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Figure 3. Postembedding lectin cytochemistry and glycosidase digestions of the sciatic nerve. A, Con A-peroxidase labeling of the sciatic nerve 
at a site directly proximal to the cold block. Axons contained a large amount of Con A binding sites (arrowheads) as shown by the peroxidase 
reaction product. (A’) Hapten control experiment of Con A binding at the same site in the nerve as in A. I?, Con A-peroxidase labeling of the 
control sciatic nerve at a site directly proximal to a silver wire maintained at ambient temperature. Very light, if any, Con A-peroxidase label can 
be seen in the axons (arrowheads). C and D, Sections of the cold block nerve were incubated in buffer minus endo H. Axons (arrows) were heavily 
labeled with Con A-peroxidase. E and F, Endo H digestion of sections from the same area of the cold block nerve (C, D) show that the enzyme 
treatment removes a large population of the Con A binding sites in axons (arrows). G, WGA-FITC labeling of sections from the same cold block 
nerve in A. Axons that showed a high content of Con A binding sites were also heavily labeled with WGA-FITC (arrows). G’, Hapten control 
experiment with WGA-FITC and 0.2 M N-acetylglucosamine. H, Neuraminidase digestion of sections from a cold block sciatic nerve labeled with 
WGA-FITC. This section was taken from the same area as in G. The enzyme treatment reduced, but did not completely remove, the fluorescent 
label in axons (arrows). Z, Axons (arrows) outside the cold block area or in control nerves were not labeled with sWGA-FITC. J, Axons (arrows) 
at the cold block site showed fluorescent labeling with sWGA-FITC. A and B, x 250; C-F, x 665; G and H, x 565; Z and J, x 665. 
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1979, 1980), or a slight compression of single myelinated axons 
(Smith, 198 1) to interrupt fast axonal transport have also de- 
scribed an accumulation of smooth membrane vesicles in axons 
directly proximal to a transport block. The reports cited above 
in combination with electron-microscopic autoradiographic and 
subcellular fractionation studies have repeatedly indicated that 
the majority of axonally transported glycoproteins are mem- 
brane bound (see Ambron and Schwartz, 1979; Elam, 1979, for 
references). 

The use of endo H digestions to characterize axonally trans- 
ported Con A binding sites showed that a significant population 
of these glycoprotein carbohydrates consists of polymannose or 
hybrid oligosaccharides. This is of interest since very little is 
known about the actual oligosaccharide content of axonally 
transported glycoconjugates (e.g., Cole and Elam, 1983). It is 
known, however, that exogenously applied lectins are axonally 
transported in both the antero- and retrograde direction (Harper 
et al., 1980; LaVail et al., 1983; Nennesmo’ and Kristensson, 
198 1; Ruda and Coulter, 1982), and that transported radiola- 
beled glycoproteins bind to lectin affinity columns (Cole and 
Elam, 1981; Karlsson, 1979, 1980). We have previously shown 
that Con A binding sites in smooth membrane cistemae of 
dendrites and presynaptic terminals are endo H-susceptible and 
that Con A binding sites of the neuronal cell surface are endo 
H-resistant (Hart and Wood, 1984). 

The neuraminidase-resistant WGA binding sites and the 
sWGA labeling of the axons directly proximal to the cold block 
demonstrated a distinct population of axonally transported car- 
bohydrates that were not terminally glycosylated with NANA. 
In the CNS we have observed presynaptic terminals that also 
contain a large intracellular population of neuraminidase-resis- 
tant WGA and sWGA binding sites (Hart and Wood, 1985). 
Conversely, almost all the WGA binding sites in the neuropil 
and in synaptic clefts are neuraminidase-susceptible (Hart and 
Wood, 1985; Wood et al., 1981). In this regard, biochemical 
analysis of nervous tissue indicates the presence of an unusually 
high number of unsubstituted galactose and GlcNAc residues 
in membrane-bound, N-linked oligosaccharides (Krusius and 
Finne, 1977). Interestingly, all the results from our previous 
reports on glycosidase digestion-lectin cytochemical experi- 
ments and the results presented here suggest that, at least in 
neurons, the bulk of this pool of membrane oligosaccharides, 
not terminally glycosylated with NANA, is intracellular. 

It has been reported that all proteins, including glycoproteins, 
destined for the axolemma or presynaptic terminal plasma 
membrane are translated in the RER, pass through the Golgi 
complex (the reported site of terminal glycosylation), and are 
associated with axonal and synaptic terminal smooth membrane 
systems during their transport (see Hammerschlag, 1984; Ham- 
merschlag et al., 1982, for references). The differences between 
lectin binding sites on the cell surface of neurons compared to 
intracellular compartments in the axons, dendrites, and presyn- 
aptic terminals (sites that receive Golgi-processed glycoproteins) 
could indicate that some post-Golgi processing of glycoprotein 
carbohydrates may occur in neurons. Other explanations for 
this data, however, must be considered. Differences in the ac- 
cessibility of the lectins and enzymes to intracellular compart- 
ments compared to the cell surface might be a factor in the 
differential lectin staining pattern. Another possibility is that 
the intracellular lectin binding sites in neuronal processes are 
not precursors of the cell surface. This study was designed to 
address these possibilities since most of the glycoproteins in 
axons are destined for the synaptic terminal cell surface (Elam, 
1979) or the axolemma (Griffin et al., 1981), and we selectively 
increased and assayed this population by the axonal transport 
blocks. It is possible, however, that a specific population of the 
glycoproteins undergoing axonal transport are not destined for 
the axolemma or synaptic terminal cell surface, because they 

remain as intracellular glycoproteins in a membrane system 
subserving the transport of cell surface macromolecules. Under 
these circumstances a relatively high proportion of the Con 
A-positive/end0 H-susceptible and WGA-positive/neuramini- 
dase-resistant lectin binding sites would be intracellular glyco- 
conjugates that are not destined for the neuronal cell surface. 
The axonally transported glycoconjugates destined for the cell 
surface could have complex oligosaccharides that are relatively 
Con A-negative/end0 H-resistant and WGA-positive/neur- 
aminidase-susceptible. 

The possibility that lectin binding sites in intracellular do- 
mains and on the cell surface are differentially accessible to 
enzymes and lectins is not likely since endo H-susceptible sites 
are intracellular (this report; and Hart and Wood, 1984) and 
neuraminidase-susceptible sites are both intra- and extracellular 
(this report; and Hart and Wood, 1985; Wood et al., 1981). It 
is certainly possible that synaptic terminals in the CNS have a 
different carbohydrate composition than the neuromuscular 
presynaptic endings of the sciatic nerve axons studied here. It 
is known that neuromuscular junctions stain with Con A and 
WGA (Sanes and Cheney, 1982), but carbohydrate analysis of 
the lectin binding sites by glycosidase enzyme digestion was not 
reported. 

The results in this report and our previous lectin cytochem- 
ical studies have led us to consider the possibility that post- 
Golgi modification of glycoprotein carbohydrates may occur in 
nerve cell processes. The reports of glycosyltransferase activity 
in synaptosomal fractions derived from brain homogenates (Den 
et al., 1975; Dutton et al., 1973; Goodrum et al., 1979; Preti et 
al., 1980; Rostas et al., 198 1; White and Dawson, 198 1) and 
the observation that 3H-N-acetylgalactosamine injected directly 
into the L2 axons of Aplysia is incorporated into glycoproteins 
undergoing axonal transport (Ambron and Treistman, 1977) 
support the concept of oligosaccharide modification in post- 
Golgi compartments. Posttranslational modification ofaxonally 
transported protein (Tedeschi and Wilson, 1983), unequal tum- 
over of the peptide backbone compared to sugar moieties of 
transported glycoproteins (Goodrum and Morrell, 1984), and 
the identification of sialidase and sialoglycoprotein substrates 
in rat brain synaptic junctions (Cruz and Gurd, 1983) are also 
consistent with the possibility of a self-contained mechanism at 
the synaptic terminal capable of expressing a variety of cell 
surface properties. We do not suggest, however, that all glyco- 
protein carbohydrates destined for the synaptic cell surface are 
processed by a post-Golgi mechanism. One approach to study- 
ing the possibility of post-Golgi mechanisms would be to per- 
form the endo H and neuraminidase-linked lectin studies on 
transported radiolabeled glycoconjugates isolated from nerve 
and presynaptic terminals and separated by lectin-affinity chro- 
matography and PAGE. These experiments are in progress. If 
a process is identified in which certain glycoprotein oligosac- 
charides are modified at or close to the point of their insertion 
into the synaptic plasma membrane, a mechanism would exist 
whereby these molecules could be important in the maintenance 
and plasticity of synaptic contacts. 
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