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Abstract 

lmmunoblot studies were performed on tissue extracts of 
rats injected with horseradish peroxidase (HRP) conjugates 
of wheat germ agglutinin (WGA) using anti-HRP and anti- 
WGA antisera. lmmunoblots of uninjected, purified conju- 
gates (WGA-HRP) demonstrated a 6Bkilodalton (kd) conju- 
gate (monomeric WGA conjugated to HRP). Other prominent 
immunobands included HRP (40 kd), monomeric WGA (22 
kd), and 15 to 30-kd HRP breakdown products. Following 
injections of WGA-HRP into the submandibular gland of rats 
which survived 16 hr to 6 days, immunoblots were performed 
on homogenates of injected submandibular glands and of 
superior cervical ganglia containing neurons retrogradely 
labeled with WGA-HRP. The anti-HRP antiserum detected 
unconjugated, 40-kd HRP and a 62-kd immunoband corre- 
sponding to WGA-HRP in the superior cervical ganglia and 
submandibular glands. No immunobands were detected with 
the antiserum to WGA in superior cervical ganglia homoge- 
nates. Blots of submandibular gland homogenates harvested 
24 hr after a WGA-HRP injection, but not at later time points, 
contained an immunoband reactive with the anti-WGA anti- 
serum; it corresponded to monomeric WGA. 

These studies analyze for the first time the molecular 
composition of WGA-HRP conjugates before and after retro- 
grade transport; they provide a novel approach for probing 
the intraneuronal transport and degradation of proteins. We 
conclude that morphologically defined endocytic pathways 
using protein markers reflect the endocytosis and transport 
of immunochemically altered and unaltered forms of the 
markers. 

The introduction into the neurobiology of native and derivatized 
ligands has permitted the delineation of novel pathways for the 
intraneuronal transport of proteins internalized by adsorptive endo- 
cytosis (Schwab et al., 1979; Harper et al., 1980; Margolis et al., 
1981; Trojanowski et al., 1981; LaVail et al., 1983; Trojanowski and 
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Gonatas, 1983; Broadwell et al., 1984; LaVail and Sugino, 1984). 
The demonstration of the interneuronal transfer of some ligands 
following intraneuronal transport, such as occurs with the wheat 
germ agglutinin (WGA) and cholera toxin (Schwab et al., 1979; 
Gerfen et al., 1982; ltaya and Van Hoesen, 1982; Ruda and Coulter, 
1982; LaVail et al., 1983; Trojanowski and Schmidt, 1984) provides 
new opportunities to study the mechanisms underlying this poorly 
understood phenomenon (Grafstein and Forman, 1980). 

Most morphological studies of the in vivo internalization and 
transport of lectins such as WGA utilize a derivatized form of the 
ligand (Schwab et al., 1978, 1979; Gonatas et al., 1979; Gonatas, 
1982; Trojanowski, 1983a). For example, WGA, covalently conju- 
gated to horseradish peroxidase (HRP), yields a hybrid probe (WGA- 
HRP) which can be histochemically visualized due to the peroxidatic 
activity of HRP. This hybrid probe has properties in vivo which clearly 
distinguish it from native HRP (Gonatas et al., 1979; Gonatas, 1982; 
Trojanowski, 1983a). Such data support the assumption that the 
peroxidatic activity visualized in tissue sections corresponds to the 
location of the lectin hybrid. This assumption has not been subjected 
to detailed scrutiny, although unconjugated HRP is present in WGA- 
HRP preparations (Trojanowski, 1983b). Thus, in morphological 
studies which employ WGA-HRP, the histochemically visualized 
peroxidatic activity could be due to both unconjugated and conju- 
gated HRP. Ambiguity on this point may limit conclusions drawn 
from studies based on the use of WGA-HRP. To address this issue, 
we analyzed a WGA-HRP preparation in immunoblots before and 
after injections of this probe into the submandibular gland of rats, 
and following retrograde transport of the lectin hybrid to neurons of 
superior cervical ganglia. 

Materials and Methods 

Chemicals and immunochemicals. WGA-HRP (lot 44F-8120) WGA (lot 
33F-9605) HRP (lot 23F-8580) N-acetylglucosamine, and rabbit anti-WGA 
and rabbit anti-HRP antisera were purchased from Sigma Chemical Co. This 
WGA-HRP preparatron was produced using a heterobifunctional reagent 
(O’Sullrvan et al., 1978) and purified after conjugation by affinity chromatog- 
raphy (Srgma). HRP-labeled goat anti-rabbit IgG was purchased from Cappel 
Laboratories. Low molecular weight markers were purchased from Bio-Rad 
Laboratories. 

Experimental animal procedures. All submandibular gland injections of 
WGA-HRP or phosphate-buffered saline (PBS) were performed on Chloropent 
(0.3 ml/100 gm)-anesthetized, 150. to 300.gm male Sprague Dawley rats. 
For the immunochemical studies, three rats per time interval received bilateral 
injections of 1 mg of WGA-HRP in 10 ~1 of PBS in each submandibular gland 
except for the 16. and 36.hr groups which included two rats. Two groups of 
controls (2 and 3 rats/group) received bilateral submandibular gland injec- 
tions of 10 ~1 of PBS and survived 2 or 5 days. 

For the histochemical experiments, 50 fig of WGA-HRP in 10 ~1 of PBS 
were injected into both submandibular glands of one rat per survival interval 

2779 



2780 Schmidt and Trojanowski Vol. 5, No. 10, Oct. 1985 

of 6, 9, and 12 days. Another rat received an injectron of 1 mg of WGA-HRP 
In 10 ~1 of PBS, and a second rat was similarly Injected wrth 10 ~1 of PBS 
alone. 

Preparation of tfssues for immunochematry. After survival times of 16, 
24, and 36 hr, as well as 3, 5, and 8 days, the WGA-HRP-injected rats used 
for the rmmunoblot experiments were anaesthetrzed In ether and perfused 
with 500 ml of PBS through the left ventricle. For each time point, except the 
16. and 36.hr intervals, SIX superior cervical ganglra were obtained as well 
as a portion of a submandibular gland from one rat in each group. For the 
16- and 36.hr survival times, four superior cervical ganglra and a portion of 
the submandibular gland from one 16. and one 36-hr rat were used. These 
tissues were then analyzed in rmmunoblots as prevrously described (Schmidt 
et al., 1985). 

Briefly, pooled superior cervical ganglia from each group of rats and a 
portion of a submandibular gland (40 to 110 mg) from one rat In each group 
were separately homogenized in a 3-fold volume (w/v) of 5 mM Tns-HCI 
buffer (pH 7.6) contain&g 0.1 M tosyl-1-arginine-methylLester-hydrochloride 
with 0.1 mM EDTA, 0.1 mM EGTA. and 0.1% sodium dodecvl sulfate. The 
two groups of PBS-injected control rats were similarly treated.’ 

To evaluate the effect of the superior cervrcal ganglron and submandibular 
gland proterns on the electrophoretrc mobilrty of WGA-HRP and on the 
specrfrcrty of the an&era to HRP or WGA in immunoblots, SIX superior 
cervical ganglia and one submandibular gland from each of two additional 
groups of uninfected rats (3 rats/group) were homogenized in the same 
manner. To 100 bl of the superior cervical ganglron homogenate were added 
either 10 pg of WGA or 10 rg of WGA-HRP prior to immunochemical 
analysrs. To separate 100.pl alrquots of the submandrbular gland homogenate 
were added 10, 50, and 100 pg of erther WGA or WGA-HRP prior to 
immunochemrcal study. 

Prior to SDS-PAGE, the samples were frozen and thawed five times, 
heated to 100°C for 2 mm, and centrifuged for 30 mm at 20,000 x g. The 
supernatants were mrxed with equal amounts of Laemmli sample buffer 
(Laemmlr, 1970) heated for 2 mm to 100°C microfuged, and then subjected 
to SDS-PAGE. 

To determine whether any immunoreactive protein remained in the initial 
pellet, the pellets obtained from superior cervrcal ganglia and submandibular 
glands of the 36.hr WGA-HRP-Injected rats following the frrst homogenrzation 
step were separately dissolved in 100 ~1 of sample buffer and examined in 
rmmunoblots. 

SDS-PAGE and rmmunoblot procedures. The samples were subjected to 
discontinuous SDS-PAGE in gradrent gels. For comparison, the electropho- 
retrc mobrlrty of unin]ected WGA and WGA-HRP was evaluated in 10% or 
15% gels stained with Coomassre blue. The polyacrylamide content of all of 
the gradient gels used here was 7.5 to 15%. The gels were 0.75 mm thick, 
and combs with 2-cm-wide wells were used for all samples containing tissue 
homogenates. WGA, HRP, and WGA-HRP dissolved In Laemmlr sample 
buffer but unmixed with &sue homogenates were also subjected to SDS- 
PAGE using similar gradrent gels and combs with 35 or 0.5~cm-wade wells. 
Low molecular werght markers were run In parallel with the samples. 

Proteins in the gels were transferred to nrtrocellulose paper according to 
a modifrcatron (Lee et al., 1984; Schmidt et al., 1985) of the procedure of 
Towbrn et al. (1979). The nrtrocellulose replicas of the gels were cut Into 
strips and blocked for 1 to 16 hr in PBS contarnrng 1% bovine serum albumin 
(PBS-BSA) followed by incubation in antrserum for 16 hr to 3 days. The anti- 
WGA and anti-HRP antisera were applied to the strips drluted in PBS-BSA in 
a range of dilutions from 1:100 to 1:2000. After washing in PBS with 0.5% 
Tween, peroxrdase-labeled goat anti-rabbit IgG diluted 1:lOOO in PBS-BSA 
was applied for 2 hr. Frnally, the strips were washed in PBS with Tween and 
reacted in 4-chloro-1 naphthol with hydrogen peroxide. Under the conditions 
described here, the HRP in the replicas was devoid of enzymatrc activity; 
the reaction product seen in the immunostained nitrocellulose strips was due 
to the antibodies bound to the replicas (Schmrdt et al., 1985). 

lmmunoblot controls. A number of controls were performed to validate 
the results in the experimental anrmals. These included rmmunoblots of tissue 
samples from animals infected with PBS alone. lmmunoblots were also 
performed on known amounts of WGA-HRP, WGA, and HRP electrophoresed 
alone or admixed with homogenates of submandrbular glands or superior 
cervical ganglia from uninjected rats. In other control experiments, 2 pg of 
WGA-HRP were Incubated with 1 mg of N-acetylglucosamrne at 4°C over- 
night and then subjected to rmmunochemical study. 

Furthermore, the immunochemical stabrlity of WGA-HRP solubilrzed rn PBS 
was evaluated by keeprng aliquots of this solution for up to 3 months at 4°C 
prior to rmmunoblot analysrs. The optrmal transfer time (30 mm) was deter- 
mined by conducting transfers for vanable lengths of time (15 to 90 mm) 
and evaluatrng the Coomassre blue-stained gels after transfer and the 
rmmunoblots prepared from these gels. Frnally, the electrophoretrc mobility 

of WGA, WGA-HRP, and HRP dissolved in sample buffer devoid of dithio- 
threitol was evaluated in immunoblots and in Coomassie blue-stained gels. 

Analysis of WGA-HRP in nondenaturing gels. The electrophoretic mobility 
and peroxidatic activity of WGA-HRP was analyzed using non-denaturing 
gels stained with Coomasie Blue or incubated with 4-chloro-1-naphthol with 
hydrogen peroxide as described previously (Schmidt et al., 1985). The 
peroxidatic activity of HRP is retained in these gels. 

Histochemical procedures. All of the rats used for histochemistry were 
lethally etherized and perfused, and frozen sections of the superior cervical 
ganglia were prepared for histochemical staining with the chromogen tetra- 
methylbenzidine as previously described (Schmidt et al., 1985). Hematoxylin 
and eosin-stained paraffin sections of the submandibular glands from the 
rats that received I-mg injections of WGA-HRP or PBS alone were also 
examined. 

Results 

SDS-PAGE analysis of WGA-HRP. The electrophoretograms of 

uninjected WGA-HRP preparations in gradient gels revealed three 
prominent bands of M, = 62,000, 40,000, and 22,000 (Fig. 1, A and 
C). The same molecular weight species were seen when WGA-HRP 

was analyzed in 10% or 1.5% gels. The 40- and 22-kilodalton (kd) 
molecular weight bands co-migrated with HRP and monomeric 

WGA, respectively, in similar gels of these unconjugated proteins. 
The 62-kd band represents a 1: 1 WGA-HRP conjugate (40-kd HRP 
plus 22-kd WGA). The conjugation of HRP to WGA with meta- 
maleimidobenzoyl-N-hydroxysuccinimide ester, which was used to 

prepare the conjugates studied here (Sigma), favors low molecular 
weight conjugates (O’Sullivan et al., 1978). This is not true of all 
heterobifunctional cross-linkers (Nygren, 1982). 

The molecular weight of WGA seen here is in the range (16,000 
to 23,000) established for monomers of this lectin (Nagata and 
Burger, 1974; Rice and Etzler, 1975; Goldstein and Hayes, 1978; 

Margolis et al., 1981; Steindler and Bradely, 1983; Trojanowski 
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Fjgure 7. Analysis of different concentrations of WGA-HRP in lanes 7 to 
5 (15, 10, 5, 1, and 0.1 pg of WGA-HRP/0.5-cm-wide lane, respecbvely) of 
gradient gels stained with Coomassre blue (A and C) or following transfer to 
nrtrocellulose sheets and immunostarning with antiserum to erther HRP diluted 
1 :I000 (13) or WGA diluted 1:500 (D). Low molecular weight markers in 
kilodaltons are present in lane 6 of the Coomasie blue-stained gels. 
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34 
Figure 2. Strips from nltrocellulose replicas of gradlent gels containing 

either HRP (sfrqx 7 and 2) or WGA (strrps 3 and 4). The strips were 
lmmunostalned with antiserum to HRP (str/ps 7 and 4) or antiserum to WGA 
(strrps 2 and 3). The antisera were applied to the strips in dilutions of 1 :lOOO, 
and 4 pg of HRP or WGA were loaded per 3.5cm-wide lane. Molecular 
weights in kllodaltons are indicated on the fight. 

-62 

198313; Raikhel et a., 1984). The variable electrophoretic mobility of 
WGA may be due to its unusual amino acid composition (Nagata 
and Burger, 1974; Raikhel et al., 1984). The electrophoretic mobility 
of WGA, WGA-HRP, or HRP did not change when dithiothreitol was 
omitted from the sample buffer. 

Antisera specificity and immunochemistry of uninjected WGA- 
HRP. The proteins in WGA-HRP preparations immunoreactive with 
antiserum to WGA or to HRP are seen in immunoblots (Fig. 1, B and 
C) prepared from gels run in parallel with those in Figure 1, A and 
C. These immunoblots demonstrate that antibodies are more sensi- 
tive than Coomassie blue staining for the detection of proteins in 
WGA-HRP preparations. The immunoblot method detected proteins 
which were not seen in Coomassie blue-stained gels. For example, 
the antiserum to WGA detected a 36-kd immunoband in addition to 
the 22-kd (monomeric WGA) and 62-kd (WGA-HRP) bands seen in 
the Coomassie blue-stained gels. This 36-kd immunoband probably 
corresponds to WGA dimers or aggregates. The antiserum to HRP 
also demonstrated bands not seen in the Coomassie blue-stained 
gels. In addition to the free HRP (the broad 40- to 45kd immunoband) 
and the 62-kd band (WGA-HRP), minor 15- to 30-kd bands were 
evident in immunoblot lanes containing 5 to 15 pg of WGA-HRP. 
These immunobands correspond to spontaneous HRP breakdown 
products (Schmidt et al., 1985). 

To verify the specificity of these two antisera, and to establish 
their sensitivity in immunoblots, we used them to stain adjacent 
strips from replicas of gels containing electrophoresed, uninjected 
WGA or HRP. Results from such an experiment are seen in Figure 
2. These and other similar experiments confirmed that the anti-WGA 
antiserum did not cross-react with HRP and that the antiserum to 
HRP did not cross-react with WGA. The strips with HRP also 
contained spontaneous HRP breakdown products (Schmidt et al., 
1985). 

The specificity and sensitivity of these antisera were further estab- 
lished by varying the dilution of the anti-WGA and anti-HRP antisera 
applied to the replicas. Representative studies of this type are 
illustrated in Figure 3. Studies with the antiserum to WGA (Fig. 3, A, 
and B) demonstrate that WGA-HRP conjugates contain primarily two 
major bands recognized by this antiserum: a 22-kd band corre- 
sponding to monomeric WGA and a 62-kd band corresponding to 
a conjugate comprised of monomeric WGA and HRP. A weak 
immunoband migrating at approximately 36 kd probably corre- 

Figure 3. Strips from nitrocellulose replicas df gradient gels containing 
2 pg of WGA (group A), WGA-HRP (groups B and D), or HRP (group 
C) per 3.5.cm-wide lane. The strips were immunostained with different 
dilutions of antiserum to WGA (A and 6) or HRP (C and D). The dilutions 
of each antiserum were 1:lOO (strip 7 in each group), 1:250 (strip 2 in 
each group), 1500 (strip 3 in each group) or 1:lOOO (strip 4 in each 
group). Molecular weights in kilodaltons are indicated on the right. 
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sponds to WGA dimers or aggregates. Studies with the antiserum 
to HRP revealed two major bands: a 60- to 64-kd band correspond- 
ing to the WGA-HRP conjugate and a 40 to 45kd band correspond- 
ing to free HRP (Fig. 3, C and D). A weak immunoband migrating 
at about 80 kd probably represents polymeric conjugates since 
some faint bands of a similar molecular weight were seen also in 
strips stained with the lower dilutions of the anti-WGA antiserum. 
HRP breakdown products were only detected with low dilutions of 
the anti-HRP antiserum. 

Neither incubation of WGA-HRP with N-acetylglucosamine nor 
repeated freezing and thawing of this conjugate altered its immu- 
noreactivity nor that of free WGA and HRP. WGA-HRP diluted in 
PBS and stored at 4°C for 2 weeks and 3 months did not behave 
significantly different from freshly solubilized WGA-HRP in gels and 
immunoblots. 

Optimal dilutions of anti-WGA and anti-HRP antisera for the detec- 
tion of injected WGA-HRP in tissue extracts were determined in 
immunoblots prepared from gels containing electrophoresed sub- 
mandibular gland or superior cervical ganglion homogenates from 
uninjected rats to which different amounts of WGA-HRP, WGA, or 
HRP were added. In these experiments (some of which are illustrated 
in Fig. 4), the antiserum to HRP diluted 1 :lOOO and the antiserum to 
WGA diluted 1500 gave optimal results without cross-reacting with 
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F/gure 4. Strips from nitrocellulose replicas of gradlent gels containing 

either 10 fig (strips 7, 4, 7, and 8), 50 (strips 2 and 5), pg or 100 pg (strips 
3 and 6) of WGA-HRP per 3.5.cm-wide lane. The WGA-HRP was admixed 
with submandlbular gland (strops 1 to 6) or superior cetvcal ganglion (strops 
7 and 8) homogenates prior to electrophoresls as described in the text. The 
strips were immunostalned with antiserum to WGA diluted 1500 (strips 7 to 
3 and 7) or to HRP (strips 4 to 6 and 8) diluted 1 .lOOO. 
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Figure 5. Nltrocellulose strips from replicas of gradient gels containing 

submandibular gland (strrps 7, 2, 5,, 9, and 70) or superior cervical ganglion 
(strips 3, 4, 6, 7 7, and 72) homogenates from rats injected with WGA-HRP 
(sfr/ps 7 to 4 and 9 and 70) or PBS (strips 5 and 6). The WGA-HRP rats 
were sacrificed 1 day (strips 7 to 4) or 3 days (strops 9 to 72) after the 
injections. Control strips (strips 7 and 8) are from similar gradient gels 
containing either WGA-HRP (str/p 7) or HRP (strip 8). Each strip was 
immunostained wtth either antiserum to WGA diluted 1:500 (strips 7, 3, 7, 9, 
and 77) or to HRP diluted 1.500 (strips 2, 4, 5, 6, 70, and 72). For strip 8, 
anti-HRP antiserum was diluted 1: 1000. Molecular weights in kilodaltons are 
indicated on the right. 

submandibular gland or superior cervical ganglion proteins (compare 
Fig. 4 with Figs. 1 and 3). The admixture of these protein extracts 
with WGA-HRP, WGA, and HRP reduced the sensitivity of this 
method slightly compared to immunoblots prepared from strips 
containing only WGA-HRP, WGA, or HRP. lmmunoblots of subman- 
dibular gland and superior cervical ganglion homogenates from PBS- 
injected rats confirmed that there was no cross-reaction with proteins 
in these tissues when the antisera to HRP and WGA were diluted 
1500 or more. 

lmmunochemical detection of WGA-HRP with anti-HRP antiserum 
in superior cervical ganglion and submandibular gland homoge- 
nates from injected rats. Nitrocellulose strips from the superior 
cervical ganglia of WGA-HRP-injected rats immunostained with an- 
tiserum to HRP detected retrogradely transported WGA-HRP as a 
62-kd immunoband at survival times of 24 hr, 36 hr, and 3 days 
(Fig. 5). The other major immunoband stained by this antiserum 
migrated at 40 kd and corresponded to unconjugated HRP. At 24 
hr, the conjugate was more prominent, whereas at 3 days, free HRP 
was more prominent. Low molecular weight immunobands corre- 
sponding to HRP degradation products were not evident. After 
survival times of 16 hr or of 5 and 8 days, no immunobands could 
be detected with the anit-HRP antiserum. 

lmmunoblots of submandibular glands prepared 24 and 36 hr 
after a WGA-HRP injection showed two intensely stained immuno- 
bands at 62 and 40 kd, corresponding to the WGA-HRP conjugate 
and free HRP, respectively. lmmunoblots from the 24 hr group of 
rats are seen in Figure 5. After a 3-day survival interval, only one 
weakly stained band at 40 kd was seen, and none were present 
after 5- and 8-day survivals. For the 36-hr experiment, both the 
supernatants and the pellets from the superior cervical ganglion and 
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submandibular gland homogenates were analyzed. lmmunoblots of to neurons; none was seen in glial or other superior cervical ganglion 
the pellets did not reveal any immunobands. Thus, as is the case cells indicative of intercellular transfer of WGA-HRP. Furthermore, 
with free HRP (Schmidt et al., 1985), the biochemical procedures there was no evidence of pathological alterations in the superior 
used here release conjugated and free WGA and HRP into the cervical ganglia of these rats, even in the the rat which received an 
supernatant. injection of 1 mg of WGA-HRP. Portions of the submandibular gland 

lmmunochemichal detection of WGA-HRP with anti-WGA antise- from this animal were examined in hematoxylin and eosin-stained 
rum in superior cervical gang/ion and submandibular g/and homog- paraffin sections. It appeared the same (Fig. 7) as the submandibular 
enates from injected rats. Strips of electroblots adjacent to the ones gland of the PBS-injected control animal. 
used for immunostaining with anti-HRP antiserum were reacted with Enzymatic activity of WGA-HRP in nondenaturing gels. As de- 
antiserum to WGA. This revealed a strong 22-kd immunoband scribed previously (Schmidt et al., 1985), the peroxidatic activity of 
corresponding to free, monomeric WGA in the submandibular gland HRP is preserved in nondenaturing gels. When WGA-HRP was 
injected 24 hr before processing (Fig. 5). No other immunobands similarly evaluated, the proteins of the conjugate did not resolve as 
were seen at this or other time points in the injected submandibular well as in the SDS gels. Reaction product was present throughout 
glands or in the superior cervical ganglia of injected rats at antiserum the gel in overloaded lanes (15 wg of WGA-HRP), but in all of the 
dilutions of 1:500 or higher. Lower dilutions of the antiserum yielded lanes it was concentrated at the top of the gel, suggesting that 
background staining. No better results were obtained with antiserum aggregated protein was not entering the gel. This was also observed 
to WGA raised in the same or other species (M. L. Schmidt and J. with similar gels of free HRP (Schmidt et al., 1985). When less protein 
Q. Trojanowski, unpublished observation). was loaded (1 pg of WGA-HRP), reaction product was concentrated 

Histochemical and histological data. At all survival times, densly in the region of the conjugate and the free HRP, but diffuse reaction 
labeled neurons were found in each superior cervical ganglion of product was seen throughout the gel. 
the WGA-HRP-injected rats (Fig. 6). Reaction product was confined Discussion. A number of studies have shown that in vivo neurons 

Figure 6. Photomicrograph of a section from the superior cervical 
ganglion of a rat sacrificed 2 weeks after an injection of 1 mg of WGA- 
HRP. Peroxidatic activity in the retrogradely labeled neurons was dem- 
onstrated histochemically. Bar = 100 pm. No counterstain. 

F/gure 7. Photomicrograph of a section from the 
submandibular gland of a rat injected with 1 mg of 
WGA-HRP and sacrlflced 2 weeks later. In this hema- 
toxylin and eosln-stalned section, the normal morphol- 
ogy of the muclnous and serous portions of the sub- 
mandibular gland IS seen. No pathological changes are 
evident. Bar = 200 pm. 
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respond to WGA-HRP differently from native HRP (for reviews see 
Gonatas, 1982; Trojanowski, 1983a). Nevertheless, no previous 
studies have directly examined the assumption that the peroxidatic 
activity in a neuron, following exposure of the neuron to WGA-HRP, 
results exclusively from the presence of HRP in a conjugated form. 

Here we have characterized for the first time the proteins present 
in a purified WGA-HRP preparation prior to injection, at the injection 
site, and in retrogradely labeled neurons. Our biochemical and 
immunochemical data on freshly solubilized WGA-HRP preparations 
indicate that, although the predominant immunoband seen with anti- 
WGA or anti-HRP antiserum is a 62.kd band corresponding to a 
WGA-HRP conjugate comprised of a 1: 1 ratio of monomeric WGA 
and HRP, other immunobands are identified with these antisera. The 
major additional immunobands have apparent molecular weights 
which correspond to those of unconjugated, monomeric WGA and 
unconjugated HRP; minor additional immunobands correspond to 
dimeric WGA and spontaneous degradative products of HRP. Stud- 
ies of this WGA-HRP preparation in nondenaturing gels indicate that 
WGA-HRP, unconjugated HRP, and other forms of HRP have per- 
oxidatic activity. We conclude that the peroxidase visualized in 
neurons exposed to WGA-HRP represents the enzymatic activity of 
both WGA-HRP and unconjugated HRP. 

These data are important for morphological studies which employ 
WGA-HRP or similar conjugates to delineate the complex intraneu- 
ronal pathways available for the transport of ligands. Neuronal 
vesicles participating in the intracellular transport of hybrid ligands 
such as WGA-HRP may include compartments which contain only 
unconjugated, enzymatically active HRP. Thus, peroxidase-contain- 
ing organelles labeled after exposure of neurons to WGA-HRP may 
contain only WGA-HRP or unconjugated HRP or both forms of HRP. 
Since studies of the same populations of neurons with either WGA- 
HRP or unconjugated HRP indicate that only those neurons exposed 
to WGA-HRP contain peroxidase-labeled cisterns at the trans.face 
of the Golgi apparatus (Harper et al., 1980; Trojanowski et al., 1981; 
Gonatas, 1982; Trojanowski 1983a; Trojanowski and Gonatas, 1983; 
Broadwell et al., 1984) it is likely that this compartment participates 
in the disposition of WGA-HRP but not in the transport of native 
HRP. However, in other cell types, such as somatotrophs of the 
pituitary gland, free HRP may enter this compartment (Broadwell 
and Oliver, 1983). 

However, other organelles, such as smooth and coated vesicles, 
lysosomes, tubules, multivesicular bodies, and so on, are labeled 
after neurons are exposed to WGA-HRP or native HRP (Schwab et 
al., 1979; Harper et al., 1980; Trojanowski et al., 1981; Gonatas, 
1982; Trojanowski, 1983a; Trojanowski and Gonatas, 1983; Broad- 
well et al., 1984; LaVail and Sugino, 1984). These vesicles probably 
include some which contain only WGA-HRP and some which contain 
native HRP or both HRP and WGA-HRP. Since degradation products 
of HRP have peroxidatic activity (Schmidt et al., 198.5) WGA-HRP 
preparations initially devoid of free HRP could generate enzymatically 
active HRP breakdown products either in solution, at the injection 
site, or following internalization by neurons. 

Differences in the subcellular localization of internalized native 
WGA (Ruda and Coulter, 1982) ‘251-WGA (LaVail et al., 1983), and 
WGA-HRP (Schwab et al., 1979; Harper et al., 1980; LaVail and 
Sugino, 1984; Trojanowski et al., 1981; Trojanowski and Gonatas, 
1983; LaVail and Sugino, 1984) in neurons have been reported. 
Some of these differences are probably due to differences in the 
derivatized forms of WGA used in these studies (Trojanowski, 1983a, 
b; LaVail and Sugino, 1984). The presence of unconjugated HRP in 
WGA-HRP preparations may also contribute to these differences. 

The reasons for our inability to detect immunoreactive free or 
conjugated WGA in most injected submandibular glands and follow- 
ing retrograde transport to the superior cervical ganglia are not clear. 
The interaction of WGA with the hapten sugar to which it binds may 
alter its immunoreactivity. This interpretation is supported by the 
studies of WGA-HRP admixed with superior cervical ganglion or 
submandibular gland homogenates from uninjected rats. However, 

immunoblots of WGA-HRP admixed with N-acetylglucosamine did 
not appreciably inhibit the detection of WGA with this antiserum. We 
conclude that WGA is immunochemically altered following injection, 
inernalization, and transport, 

The methods described here should permit insights into the 
mechanisms utilized by neurons to degrade and eliminate other 
internalized proteins. The different degradative pathways neurons 
employ for a variety of endogenous and exogenous proteins under 
both normal and pathological conditions could be delineated with 
these methods. Such data could be correlated with morphological 
observations on the different vesicles which participate in the trans- 
location of proteins from the cell surface of a neuron to their ultimate 
destination. These methods could also be used to probe the dra- 
matic rearrangements in the Golgi apparatus which occur following 
stress or exposure to a defined stimulus (Broadwell and Oliver, 1981; 
Hickey et al., 1983). Such information will lead to a better understand- 
ing of the way neurons internalize and dispose of growth factors, 
hormones, toxins, and other pathogens. 
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