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Previous studies have led to the hypothesis that some pro- 
teins of the postsynaptic membrane are locally synthesized 
at postsynaptic sites. To evaluate this hypothesis, synap- 
tosome fractions that included fragments of dendrites were 
allowed to incorporate labeled amino acid into protein. The 
labeled synaptosomes were then subfractionated to the lev- 
el of the synaptic plasma membrane (SPM) and then the 
synaptic junctional complex (SJC). The specific activity (cpm/ 
pg protein) of the synaptosome fraction and its subfractions 
was assessed by scintillation counting and protein assay, 
and labeled polypeptides were characterized by SDS-PAGE 
and fluorography. The contribution of mitochondrial and eu- 
caryotic protein synthesis to the overall incorporation was 
evaluated using cycloheximide (CYC), a eucaryotic protein 
synthesis inhibitor, and chloramphenicol (CAP), a mitochon- 
drial protein synthesis inhibitor. 

Both the SPM and the SJC subfractions obtained from 
labeled synaptosomes contained labeled polypeptides. The 
SPM from labeled synaptosomes had a specific activity ap- 
proximately equal to that of other nonmitochondrial mem- 
brane components of the synaptosome. Thus, labeling of the 
SPM was not due to contamination by these other labeled 
membrane components. The mitochondrial fraction had the 
highest specific activity of the membrane components of the 
labeled synaptosome, but the specific activity was reduced 
by 47% in mitochondrial fractions from CAP-treated syn- 
aptosomes, while the specific activity of the SPM was not 
reduced by this treatment. Thus, SPM labeling is not due to 
mitochondrial contamination. The specific activity of the de- 
tergent-insoluble SJC was comparable to that of the SPM 
from which it was derived. The possibility of labeling of SPM 
and SJC by contamination with soluble proteins was as- 
sessed by adding labeled soluble proteins to a cold syn- 
aptosome preparation that was then subfractionated to ob- 
tain the SPM and SJC. There was no detectable binding of 
labeled soluble proteins to the SPM or SJC. These results 
support the hypothesis that some synaptic proteins are lo- 
cally synthesized. 
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Fluorographs of SDS gels of SPM from labeled synapto- 
somes revealed labeled bands at approximate molecular 
weights of 14, 18,28,28,38,38,42,45,55,80, and 118 kDa. 
Six of these labeled polypeptides at 38, 42, 45, 55, 80, and 
118 kDa were still evident in fluorographs of the synaptic 
junctional complex from labeled synaptosomes. None of 
these labeled bands were seen in fluorographs of SPM and 
SJC from CYC-treated synaptosomes, whereas they were 
still present in fluorographs of CAP-treated synaptosomes. 
These labeled polypeptides are therefore produced by eu- 
caryotic ribosomal systems. Several additional high molec- 
ular weight bands at 92, 100, 180, 200, and 220 kDa and 
occasionally 2-3 bands between 40 and 80 kDa were seen 
in similar samples treated with urea and run on urea-con- 
taining SDS gels. 

There is growing evidence that some protein constituents of the 
synaptic junctional region may be locally synthesized near in- 
dividual postsynaptic sites (for a review, see Steward et al., 
1988). This hypothesis was originally based on the discovery 
that polyribosomes and associated membranous organelles are 
selectively localized beneath postsynaptic sites on neurons 
(Steward and Levy, 1982; Steward, 1983). Later studies revealed 
that polyribosomes are particularly prominent during periods 
of synapse growth and were closely associated with developing 
postsynaptic membrane specializations (Palacios-Pru et al., 198 1, 
1988; Steward and Falk, 1986). On the basis of these data, it 
was suggested that dendritic polyribosomes might synthesize 
some of the protein constituents of the postsynaptic membrane 
specialization (Palacios-Pru et al., 198 1, 1988; Steward and Falk, 
1986). 

To test the hypothesis that proteins of the postsynaptic mem- 
brane specialization are locally synthesized, newly synthesized 
protein that is manufactured locally must be distinguished from 
newly synthesized protein supplied by the cell body. In the 
present study, the approach we use takes advantage of the fact 
that it is possible to physically separate pinched-off nerve end- 
ings with attached portions of the postsynaptic dendrite. This 
can be accomplished by preparing synaptosomes, which contain 
both pre- and postsynaptic cell fragments. Earlier studies have 
shown that synaptosomal fractions include polyribosome-con- 
taining cell fragments that resemble dendrites (Autilio et al., 
1968; Verity et al., 1980). These fractions exhibit a protein 
synthetic capacity that appears to be mediated largely by eu- 
caryotic ribosomes, in that incorporation is sensitive to eucary- 
otic protein synthesis inhibitors such as cycloheximide and in- 
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sensitive to the mitochondrial protein synthesis inhibitor, 
chloramphenicol (Autilio et al., 1968; Morgan and Austin, 1968). 
EM autoradiographic studies after synthesis in the presence of 
a radiolabeled amino acid precursor have revealed that most 
synthesis occurred within cell fragments containing cytoplasm 
and ribosomes, many of which also bore the postsynaptic den- 
sity (PSD) characteristic ofdendrites (Cotman and Taylor, 197 1; 
Gambetti et al., 1972). These and other observations suggested 
that a major part of the protein synthetic activity of synapto- 
somal fractions was due to a dendritic component (Verity et al., 
1980). While these studies demonstrated local synthesis, they 
did not evaluate whether locally synthesized proteins were com- 
ponents of the synapse. 

The present study combines the approach of using synapto- 
some fractions as the protein synthesizing system (to ensure that 
any incorporation reflects local synthesis) with further subfrac- 
tionation of the synaptosomes to the level of the synaptic plasma 
membrane (SPM) and synaptic junctional complex (SJC) to de- 
termine whether recently synthesized proteins are components 
of the synaptic region. The only contiguous source of newly 
synthesized protein for the synaptic junction in the synapto- 
somal fraction is the subsynaptic polyribosome. Therefore, the 
appearance of newly synthesized proteins in subcellular frac- 
tions enriched in synaptic junctions after synaptosomal protein 
synthesis would suggest that proteins of the synaptic junction 
are locally synthesized by subsynaptic polyribosomes. We report 
here that labeled protein appears in fractions enriched in syn- 
aptic junctions after synaptosomal incorporation. This labeling 
was not due to contamination of the synaptic membrane frac- 
tions by nonsynaptic membranes, or the result of adventitious 
binding of soluble proteins to the synaptic junction. In addition, 
labeling in the synaptic fractions could not be accounted for by 
mitochondrial protein synthesis. SDS-PAGE and fluorography 
were used to estimate how many protein species are locally 
synthesized and to provide an initial characterization of their 
molecular weights. Some of these results have been reported in 
abstract form (Rao et al., 1988) and summarized in a review 
(Steward et al., 1988). 

Materials and Methods 
Synuptosome preparation. Synaptosomes were prepared from the fore- 
brains of 7-40-d-old rat pups (6-12 pups/preparation) by the method 
of Verity et al. (1972, 1980) (Fig. 1A). A 20% (w/v) homogenate was 
prepared from chopped forebrain (5-10 gm, wet wt) in 0.35 M sucrose, 
10 mM Tris, 0.5 mM EGTA solution brought to pH 7.4 with KOH. The 
homogenate was centrifuged at 2000 x gfor 1 min on a Beckman model 
J-21B centrifuge using a JA-20 fixed angle rotor to remove a nuclear 
pellet (Pl). Pl was washed once by resuspension in the homogenizing 
buffer and repelleting. The supematant was combined with the super- 
natant from the first centrifugation, and the pellet was discarded. The 
pooled supematant (Sl) was centrifuged at 23,000 x g for 4 min to 
yield a crude mitochondrial pellet (P2), which was washed once by 
resuspension in homogenizing buffer and repelleting. The pellet was 
then brought up to 6 ml total volume with the same buffer. This sus- 
pension was layered onto a discontinuous gradient of 5 and 13% Ficoll 
in 0.35 M sucrose (1 ml suspension/2 ml each of 5 and 13% Ficoll) that 
had been allowed to equilibrate at 4°C for 1 hr prior to loading the 
sample. The gradient was centrifuged at 45,000 x g x 45 min on a 
Beckman L5-75 ultracentrifuge using a SW 50.1 swinging bucket rotor. 
A synaptosomal fraction was collected from the 5-13% interface and 
washed by diluting in 0.35 M sucrose/l0 mM Tris and centrifuging at 
23,000 x g for 20 min. The synaptosomal pellet was resuspended in 
incubation buffer, and the protein content was determined by the Brad- 
ford assay (Bradford, 1976). The synaptosomal suspension was then 
used for labeling and further fractionation. The synaptosome isolation 
procedure was carried out at 4°C and took approximately 2.5 hr. 

Protein synthesis. Synaptosomes were incubated at 37°C in a Dubnoff 
shaker bath in the incubation buffer (50 mM NaCl, 25 mM KCl, 100 
mM sucrose, 33 mM Tris hydrochloride, 5 mM Na,HPO,, 5 mM MgCl,, 
pH 7.4) at a protein concentration of 1 mg!ml. Initial studies evaluated 
the time course of incorporation of label into protein and the extent of 
protein synthesis in synaptosomes prepared from rats of different ages. 
To analyze the time course of incorporation, synaptosomes were pre- 
pared from 16-d-old rat pups and incubated for 0, 5, 10, 20, 30, 45, 
and 60 min in buffer containing 10 &/ml of 3H-leucine. The reaction 
was terminated by adding an equal volume of 10% trichloroacetic acid 
(TCA). The TCA precipitate was washed 2 times in 5% TCA and 3 
times in acetone, dried, and dissolved in 0.5N sodium hydroxide. This 
sample was used for protein assay and liquid scintillation counting. To 
determine the extent of protein synthesis at different ages, we compared 
the extent of incorporation in synaptosomes prepared from 7, 10, 13, 
16, 19, 20, 26, 29, and 40-d-old-rat pups. Synaptbsomal fractions were 
incubated with 10 &i/ml ‘H-leucine for 45 min. The reaction was 
terminated by the addition of TCA, and the sample was processed as 
described above. Sixteen synaptosome preparations were labeled with 
)H-leucine in this way. Five of the preparations were also examined 
electron microscopically to assess the composition of the fraction. 

To evaluate the effects of different protein synthesis inhibitors on 
incorporation and to measure the specific activity of protein in different 
subfractions of the synaptosome, synaptosome preparations from 13- 
26-d-old rat pups were incubated as described above with ‘S-methio- 
nine as the tracer (200 PCi ?i-methioninejml of buffer). When protein 
synthesis inhibitors were used with ?S-methionine, the synaptosome 
fractions were split, with one sample being incubated as described above, 
while others were incubated with 500 &ml cycloheximide (CYC), 5d 
&ml chloramnhenicol (CAP). or 10-50 up/ml RNase. In two initial 
experiments, protein synthesiswas tern&&d by adding an equal vol- 
ume of 10% TCA, and the synaptosome samples were processed as 
described above. When the synaptosomes were to be subfractionated 
after labeling, the reaction was halted by cooling on ice and pelleting 
the synaptosomes at 23,000 x g x 15 min, after which the synaptosomes 
were fractionated as described below. 

Two preparations were labeled without inhibitors and subfraction- 
ated, eight were labeled in the presence of one or more of the inhibitors 
listed above and then subfractionated, and one preparation labeled in 
the presence of inhibitors was subfractionated only to the level of the 
crude synaptosomal membrane (CSM). 

Three experiments were carried out in which the labeled synapto- 
somes were subfractionated and all membrane and SJC samples col- 
lected were dissolved in a 4 M urea buffer and analyzed on urea-SDS 
gels. These experiments were not included in the specific activity and 
electron microscopic analyses but are described in the gel analyses. 

Fractionation. The labeled synaptosomes were fractionated to obtain 
an SPM fraction and then an SJC fraction by the method of Cotman 
and Taylor (1972) as modified by Kelly and Cotman (198 1) for young 
animals (Fig. 1B). Briefly, the synaptosomal pellet was resuspended in 
5 volumes of 0.1 mM HEPES (pH 7.5) to osmotically lyse the synap- 
tosomes. Membrane particles were pelleted by centrifugation (23,000 
x g x 15 min) and washed once in 0.16 M sucrose, 50 PM CaCl,. The 
pellets were resuspended in 0.5 mM iodonitrotetrazolium violet (INT) 
and 20 mM succinate (in phosphate buffer, pH 7.6) and incubated for 
20 min at 30°C to increase mitochondrial bouyant density by the de- 
position of formazan. The reaction was terminated by centrifuging at 
10,000 x g for 7 min, and the pellets were washed twice in 0.16 M 

sucrose, 50 PM CaCl,. The pellets, composed of crude synaptosomal 
membrane, were resuspended after adding 0.8 ml of 0.32 M sucrose, 50 
PM CaCl, to each pellet. One-milliliter aliquots of each suspension 
were layered onto discontinuous sucrose gradients (1 ml each of 0.8, 
1 .O, and 1.2 M sucrose, 50 PM CaCl,) prepared 1 hr previously in Beck- 
man Ultraclear 13 x 5 1 -mm centrifuge tubes. The tubes were centri- 
fuged for 90 min at 75,465 x g. 

To obtain the SJC fraction, the SPM fraction was collected from the 
1.0 M/1.2 M interface, diluted with 3 volumes of 50 UM CaCl,. and 
pelleted. The SPM pellet was then suspended in 200-600 ~1 of2 mM 
bicine and treated with twice its volume of Triton X- 100 .solution (2 
mM bicine. 2 mM EDTA. 0.4% Triton) for 10 min at room temuerature. 
The Triton : protein ratio ranged from 2: 1 to 40: 1. This step solubilizes 
extrajunctional synaptic membranes from synaptic junctional complex- 
es. Synaptic junctional complexes were then isolated by centrifugation 
at 68,000 x g x 60 min through 1.0 M sucrose, 50 PM CaCl,, and 
harvested as a pellet. In three experiments, we analyzed the Triton- 
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Figure 1. Schematic depictions of experimental protocols. A, Preparation of synaptosomes; B, subfractionation of synaptosomes to SPM and SJC. 
ZNT, iodonitrotetrazolium violet. 

soluble extract along with the Triton-insoluble SJC. To do this, the dissolved in 2 x Laemmli buffer, and approximately equal protein loads 
Triton extract was diluted with bicine buffer and then concentrated by from control and CYC- or CAP-treated preparations were applied to 
centrifuging overnight in a Centricon 10 filter unit, which retained all the gel along with SJC samples from the same preparation. 
proteins of molecular weight higher than 10 kDa. The concentrate was Electron microscopic analysis. Samples for electron microscopy were 
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Figure 2. Composition of synaptosome and SJC fractions. A-D, Electron micrographs of synaptosome preparation from 16-d-old rat pups. Large 
arrows indicate synaptic junctions or postsynaptic densities; smd arrows indicate polyribosomes. A, Representative field showing the membrane- 
bound profiles that were counted in our study. PRE, a presynaptic profile; NP+R, a nonpresynaptic profile containing polyribosomes; NP-R, a 
nonpresynaptic profile without ribosomes; M, a mitochondrion. POST shows a postsynaptic profile. B, Two presynaptic profiles are apposed to a 
postsynaptic profile that encloses polyribosomes that seem to be attached to membranous elements. C and D, A presynaptic profile, attached to a 
postsynaptic profile that contains free polyribosomes. E and F, Electron micrographs of two SJC samples. E, A PSD-enriched sample that is over- 
extracted. F, A fraction contaminated with membrane. Arrows indicate PSDs. Scale bar in A corresponds to 1 pm in A, 0.68 pm in B and C, 0.64 
pm in D, and 0.42 pm in E and F. 
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fixed in 2% paraformaldehyde/2% glutaraldehyde, pelleted at 48,000 x 
g x 30 min in fix, postfixed in osmium tetroxide, dehydrated, and 
embedded in Maraglas resin. The pellet was then sectioned through its 
thickness at 600-700 8, on an LKB ultramicrotome. The sections were 
collected on 200-mesh grids, double-stained with uranyl acetate in meth- 
anol and lead citrate, and photographed using an Hitachi HU 12A elec- 
tron microscope. Photomicrographs were taken through the depth of 
the pellet, l-2 pictures/grid square at 10,000 or 8,000 x original mag- 
nification. Usually 5-10 micrographs were obtained for each pellet. 

Electron microscopic examination of the synaptosomes was per- 
formed for 10 35S labeling experiments. The synaptosome preparations 
were similar in composition and appearance to those previously de- 
scribed. The composition of the synaptosomal fraction was quantita- 
tively assessed in five preparations using a stereological approach. A 
grid overlay was prepared that corresponded to 1 pm2 on the photo- 
micrographs. Profiles at grid intersections were classified as one of the 
following five types: (1) aresynaptic, containing at least three synaptic 
vesicles; (2) nonpresynaptic profiles, without ribosomes, but containing 
cytoplasm; (3) nonpresynapticprojles, with ribosomes; (4) mitochondria 
(double-walled, with the inner wall extending projections into the lumen 
of the organelle); or (5) other types such as membrane ghosts or small 
vesicles or no profile beneath the intersection. The first four classes 
constitute the cytoplasm-containing organelles of the fraction; the rel- 
ative amount of each of the four kinds is reported as a percentage of 
the total of all four classes. 

Electron microscopic evaluation of each of the subfractions of the 
gradient preparations from two experiments confirmed that our syn- 
aptosome samples produced membrane subfractions with the expected 
composition (data not shown). The lightest subfraction (Band 1) was 
primarily composed of empty multilamellate myelin, but other smaller 
cytoplasm-containing membrane particles were also occasionally seen, 
along with some mitochondria trapped within the myelin fragments. 
Band 2 consisted of much smaller empty membrane particles and broken 
membranes, with little or no myelin. Band 3 contained membrane and 
broken membranes of the same size as in band 2, but many of the 
membranes showed electron-dense thickenings. The pellet was enriched 
in mitochondria but also contained cytoplasm-containing membrane 
particles and empty membranes. 

EM evaluation of the SJC was performed for 8 of the 11 preparations, 
while the SPM was examined in 6 experiments. These analyses revealed 
that two of the SPM samples were contaminated with unidentifiable 
membrane components. The characteristic electron-dense PSDs and 
occasional intact SJCs with little or no contamination with membranes 
were seen in three SJC preparations. In one other preparation, the PSDs 
appeared thinner and more extracted and no membrane was seen. Four 
SJC preparations were significantly contaminated with membrane. Al- 
though less pure than the first type of preparation, these fractions were 
still enriched for SJCs in comparison to the parent SPM fraction. These 
two different types of preparation are illustrated in Figure 2. The results 
are expressed including and excluding the less pure preparations. 

Biochemical analysis. Fractions collected for biochemical analysis 
were aliquoted and stored at -80°C. Before use, they were dissolved in 
OSN NaOH for protein assay and scintillation counting or in Laemmli 
sample buffer for SDS-PAGE analysis. Protein assays were by the meth- 
od of Bradford (1976) or by the BCA assay (Smith et al., 1985). Liquid 
scintillation counting was in NEN Aquasol scintillation cocktail on a 
Beckman LS-233 or LKB 1209 Rackbeta liquid scintillation system. 
Specific activity (s.a.) values are reported as cpm/pg protein + SEM. 
Inhibition is described in terms of percent inhibition = [(s.a. control - 
s.a. inhibited)/s.a. control] x 100. Differences between control- and 
inhibitor-treated samples were evaluated statistically using the Wilcox- 
on sign rank test for paired samples. When the number of samples was 
too low for a Wilcoxon test (for the SJC samples) we used a t test for 
paired samples. Differences between CSM, SPM, and SJC specific ac- 
tivity were evaluated using a two-way ANOVA for a single subject with 
repeated measures and then a Fisher Protected Least Significant Dif- 
ference test. 

SDS-PAGE of the samples was carried out on lo%, 5-15%, or 7.5- 
15% gradient gels, 0.75 mm thick and 8, 16, or 24 cm in length, by the 
method of Laemmli (1970). Some gels contained 4 M urea in stacking 
and resolving gels and were used to separate samples treated with 4 M 

urea. Gels were stained in an ammonium sulfate/Coomassie Blue so- 
lution by the method of Neuhoff et al. (1985). The gels were photo- 
graphed and then impregnated with NEN Enhance and dried onto What- 
man #l filter paper. Fluorographs were prepared by exposing X-Omat 
AR film to the dried gels at -80°C for 4-20 d. 

Results 
Composition of synaptosome fractions 
Figure 2.4 illustrates the overall composition of a representative 
synaptosome fraction from 16-d-old animals. These fractions 
contained a large number of presynaptic boutons identifiable 
by the presynaptic vesicles they contained (PRE). Mitochondria 
(M) were often present within the presynaptic boutons. Free 
mitochondria were also present. Ribosome containing elements 
(NP + R) were present, some of them displaying a postsynaptic 
density (Fig. 2 B-D). Some of the presumptive postsynaptic 
fragments were attached to presynaptic boutons, but more often 
ribosome-containing profiles were not obviously related to a 
presynaptic terminal. Most ribosome-containing elements did 
not display a PSD. A large number of cytoplasm-containing 
profiles were present that did not have visible ribosomes or 
synaptic vesicles (NP-R). These profiles also sometimes bore a 
PSD. The filamentous cytoplasm of some of the profiles sug- 
gested that they might be of glial origin, but such profiles were 
rare. No intact nuclei were present, but some fragmented nuclei 
were seen. 

The composition of synaptosomal fractions was quantita- 
tively estimated in five preparations by point counting. Of the 
cytoplasm-containing membrane-bound profiles in the fraction, 
22.7 f 2.4% were presynaptic profiles; 57.1 f 2.4% were non- 
presynaptic, without apparent ribosomes; 10.7 + 0.6% were 
nonpresynaptic with ribosomes; and 10.5 k 1.6% were mito- 
chondrial. 

Synaptosomal protein synthesis 

When synaptosomes were incubated in a medium containing 
10 j&i/ml 3H-leucine, the rate of incorporation of label into 
TCA-insoluble protein began to decrease after about 45 min 
(Fig. 3A). Thus, a 45 min incubation time was used in all sub- 
sequent experiments. Rat pups of different ages were used to 
prepare synaptosomes that were then compared for their protein 
synthetic activity (Fig. 3B). The extent of incorporation ap- 
peared to be higher in the younger animals, although there was 
considerable variability. Subsequent studies used synaptosomes 
prepared from rat pups that were 13-26 d old. 

Contribution of mitochondrial versus eucaryotic cellular 
protein synthesis to the overall incorporation 

The contribution of mitochondrial and eucaryotic cellular pro- 
tein synthesis to synaptosomal incorporation was evaluated us- 
ing selective protein synthesis inhibitors. CAP inhibits mito- 
chondrial protein synthesis (Wheeldon and Lehninger, 1966), 
CYC inhibits eucaryotic protein synthesis (Ennis and Lubin, 
1964) and RNase would be expected to destroy RNA that is 
not contained in membrane-enclosed structures (Appel et al., 
1967) thus inhibiting protein synthesis in free microsomes that 
are a contaminant of the fraction. In eight experiments, we 
compared the extent of incorporation in control preparations 
with preparations incubated with CAP (in all eight experiments), 
CYC (five of eight experiments), and RNase (two of eight ex- 
periments). For these experiments, the synaptosomal prepara- 
tion was divided equally between the conditions. Since we also 
planned to use SDS-PAGE and fluorography to determine 
whether the inhibitors affected the synthesis of particular pro- 
teins, these experiments were carried out using ?j-methionine 
for the labeling. In the presence of CYC (at a concentration of 
500 &ml), overall incorporation was inhibited by 42.9% -t 
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Figure 3. Incorporation of labeled amino acid into protein in synap- 
tosome fractions. A, Time course of incorporation of ‘H-leucine into 
the TCA-precipitable component of synaptosomes prepared from 16- 
d-old rat pups. B, Protein synthesis (reported as cpm/pg protein) in 
synaptosomes prepared from rat pups of different ages and incubated 
with 3H-leucine for 45 min as described in Materials and Methods. 

11.5% (p < 0.05). There was no significant inhibition when 
synaptosomes were incubated in the presence of CAP (50 wg/ 
ml, % difference = 10.24 + 17.9%) or RNase (10 or 50 Kg/ml, 
% difference = 3.67 f 12.37%). Neither of these changes were 
significant (p > 0.05). These results suggest that incorporation 
by mitochondria or free microsomes accounted for relatively 
little of the overall incorporation in the unfractionated synap- 
tosomes. 

A more revealing way to evaluate the contribution of eucary- 
otic ribosomal versus mitochondrial protein synthesis uses gel 
fluorography to identify which protein species are labeled in the 
presence of the various inhibitors (Irwin, 1985). An example 
from one preparation that had been incubated with or without 
the inhibitors is illustrated in Figure 4. For these gels, the soluble 
and membrane fractions were evaluated separately (see Fig. 4 
legend). Equal amounts of protein from control-, CYC-, and 
CAP-treated synaptosomes were loaded on the gel, as evidenced 

by the Coomassie-stained gel (Fig. 4, left). CYC inhibited in- 
corporation into a large number of bands throughout the gel, 
but particularly in the higher molecular weight range (above 50 
kDa). However, a few labeled bands were still evident in the 
low molecular weight range (below 30 kDa) in synaptosomes 
treated with CYC. CAP inhibited labeling of the low molecular 
weight bands whose labeling was not inhibited by CYC but did 
not apparently affect the labeling of the bands that were affected 
by CYC. The fact that labeling of a large number of bands was 
not appreciably affected by CAP suggests that most ofthe protein 
synthesis in the synaptosomal fraction is nonmitochondrial. In 
general, these results confirm the report of Irwin (1985). RNase 
did not appreciably affect the pattern of labeled bands, although 
the overall labeling appeared to be slightly reduced (data not 
shown). Thus, any proteins synthesized by free microsomes were 
not obviously of a different class than the proteins synthesized 
within membrane-bound elements. 

Heavy diffuse labeling was always seen at the top of the non- 
urea gel at the interface between the resolving and stacking gels. 
In the CSM sample, this diffuse labeling that did not resolve 
into bands was still evident in the samples from CYC-treated 
synaptosomes but was slightly less evident in the CAP-treated 
synaptosome preparation. A corresponding protein smear is not 
apparent in the Coomassie-stained gel. This diffuse labeling was 
not apparent in samples prepared with urea (see below). 

Subfractionation of the labeled synaptosomes 

The SPM fraction is enriched for membrane particles bearing 
synaptic specializations; the SJC fraction is the Triton-insoluble 
part of the SPM, the pre- and postsynaptic specializations joined 
by the synaptic junction with a small amount of associated 
membrane (Cotman and Taylor, 1972). Our expectation was 
that if dendritic polyribosomes manufacture synaptic proteins, 
some labeled protein should appear in the SPM and SJC frac- 
tions after synaptosomal incorporation of labeled amino acid. 
We found that the SPM and SJC fractions from labeled syn- 
aptosomes were in fact labeled (SPM s.a. = 857 f 207; SJC s.a. 
= 748 f 196). However, there are a number of other potential 
sources of this labeling that must be considered before the la- 
beling can be ascribed to local synthesis of synaptic protein. 

One possibility that must be considered is that the labeled 
protein in the SPM and SJC fractions represents the presence 
of contaminating nonsynaptic membranes that are labeled. Two 
lines of evidence argue against this possibility. First, in subfrac- 
tionating the CSM to the level of the SPM and then the SJC we 
are enriching for postsynaptic specializations and decreasing the 
quantity of nonsynaptic membrane. If nonsynaptic membrane 
is the carrier of labeled protein in these synapse-enriched frac- 
tions, then the specific activity of the sample should decrease 
as nonsynaptic membrane is removed. Second, if nonsynaptic 
membrane contaminants are the source of label in the SPM, the 
specific activity of other bands on the gradient that are possible 
sources for such contaminants should be higher than that of the 
SPM. 

As illustrated in Figure 5, the specific activity of the SJC 
fraction from all experiments was not significantly lower than 
that ofthe SPM from which it was derived. The specific activities 
of both SPM and SJC fractions were significantly lower than 
the specific activity of the CSM. However, in CAP-treated syn- 
aptosomes, where mitochondrial labeling is reduced (and the 
remaining incorporation reflects eucaryotic ribosomal protein 
synthesis) there was no significant difference in the specific ac- 
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protein load for the soluble samples appears to be approximately twice that for the membrane samples. The positions of molecular weight standards 
of the indicated molecular weight (x 1000 Da) are indicated on the right. 

tivity of CSM, SPM, and SJC. In the four experiments that Moreover, as illustrated in Figure 6, the specific activity of 
produced SJC fractions judged to be of highest purity based on the SPM was approximately equal to that of Bands 1 and 2 
electron microscopic evaluation, the specific activity of the SJC (857.1 f 207 vs. 683.3 + 168 and 744.8 + 204, respectively). 
fraction was actually higher than that of the parent SPM subfrac- This indicates that labeling of the SPM fraction is not likely to 
tion (1133 + 359 vs. 791.5 + 253.6), although this difference be due to contamination of the SPM by other nonmitochondrial 
was not statistically significant. membrane components of the synaptosome. On the other hand, 
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the mitochondrial subfraction obtained from the synaptosomes 
did have a higher specific activity than that of the SPM (1385 
? 335 vs. 857 Ifr 207). Thus, contamination by the mitochon- 
drial fraction could not be excluded. 

To evaluate the possibility that labeling of the SPM is due to 
mitochondrial contamination, we compared the specific activ- 
ities of the membrane subfractions after synaptosomal incor- 
poration in the presence of chloramphenicol and cycloheximide. 
If labeling in the SPM is due to mitochondria, the specific ac- 
tivity should be reduced in the SPM as it is in the mitochondrial 
fraction in CAP-treated synaptosomes. Alternatively, if the la- 
beled protein in the SPM is synthesized by eucaryotic ribosomes, 
labeling of the SPM should be sensitive to CYC. In six exper- 
iments, both CAP and CYC were used. In two experiments, 
only CAP was used. As illustrated in Figure 6, labeling of the 
mitochondrial pellet was reduced by an average of 47.1% (to 
732.9 f 186) in CAP-treated synaptosomes (p < 0.05). There 
was no decrease in labeling of the SPM. In fact, labeling of the 
SPM fraction obtained from CAP-treated synaptosomes was 
actually 19.1% higher (102 1 f 302) than the SPM from control 
synaptosomes (p = 0.37, NS). Therefore, in a medium where 
mitochondrial synthesis is reduced to a minimum, labeling of 
proteins of the SPM remained high. Labeling in all membrane 
subfractions was significantly inhibited by CYC (Fig. 6). These 
results suggest that the labeling in the SPM is not due to con- 
tamination by mitochondria. 

Comparison of the specific activity of subfractions from the 
experiments in which the SPM samples were judged to be most 
pure yielded results that were similar to those described above 
for the total of eight experiments. The mitochondrial fraction 
again had the highest specific activity, and this labeling was 
CAP sensitive. The SPM labeling was lower than that in the 
mitochondrial fraction (791.5 f 254) but was comparable to 
the other membrane subfractions and was not reduced by CAP. 
Labeling of all subfractions was reduced by CYC. Taken to- 
gether, these results suggest that the label was intrinsic to SPM 
and was not due to contamination by other bands. 

In order to gauge the extent of the label due to mitochondrial 
contamination of the SJC, the specific activities of SJCs derived 
from control-, CYC-, and CAP-treated synaptosomes were com- 
pared. The specific activity of the SJC obtained from CAP- 

treated synaptosomes was 24% f 14.6% lower than that in 
paired controls (n = 8) but this decrease was not significant, 
whereas the specific activity of the SJC derived from CYC- 
treated synaptosomes was decreased by 65 + 7.6% (p < 0.05) 
in six experiments. In the four purer SJC samples, the labeling 
was reduced by 66.9 f 12.3% in CYC-treated and by 52.7 & 
12.7% in CAP-treated SJC (p > 0.05 by t test for both, NS). 
Taken together, these results indicate that most of the labeling 
in SPM and SJC fractions appears to reflect eucaryotic protein 
synthesis, a conclusion that is strongly supported by the lluo- 
rographic analyses (see below). 

Characterization of labeled synaptic proteins 
Gel analysis of the SPM and SJC. SPM samples from 11 ex- 
periments and SJC samples from 10 experiments were analyzed 
by SDS-PAGE and fluorography. In three experiments, the Tri- 
ton extract of the SPM was also analyzed. In three of these 
experiments, the samples were run on urea-containing gels, while 
seven sets were analyzed on nonurea gels. 

Gels were loaded with equal protein from control preparations 
and samples from the same preparation that had been labeled 
in the presence of CYC or CAP. The inhibitor treatment allowed 
us to identify any mitochondrially synthesized protein present 
in these samples. One such urea gel analysis is illustrated in 
Figure 7. All the labeled bands seen in the SPM, SJC, and Triton 
extract are CYC-sensitive and CAP-resistant and are therefore 
manufactured by eucaryotic ribosomal systems. In the SPM 
sample, the most prominent labeled bands are at approximately 
36 and 60 kDa. Other labeled bands are evident at approxi- 
mately 14, 18, 24, 32, 36, 38, 42, 45, 48, 50, 52, 55, 58, 60, 92, 
100, 116, 180, 200, and 220 kDa. Of these, the bands at 36,42, 
48, 50, 60, 116, and 220 kDa are most heavily labeled. 

Triton extraction solubilizes nonsynaptic membrane in the 
SPM fraction leaving PSDs with small amounts of membrane 
attached, so that the Triton-insoluble SJC fraction is enriched 
in the core polypeptides of the PSD and the synaptic complex 
(Cotman and Taylor, 1972). As seen in Figure 7, the labeled 
bands in the SPM sample at 24, 32, and 36 kDa are removed 
by Triton extraction, since they are prominent in the Triton 
extract and only very faintly evident in the SJC sample. Other 
than these three labeled bands, all the others are seen in the SJC 
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Figure 7. Comparison of labeled protein in the SPM, the SJC, and the Triton-soluble portion of the SPM. Synaptosomes prepared from 21-d- 
old rat pups were labeled with Y3-methionine and subfractionated as described in Materials and Methods. Approximately 2.5 pg of protein from 
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stained gel, prepared as in Neuhoff et al. (1985). B, Fluorograph (15 d exposure). The positions of molecular weight standards of the indicated 
molecular weight (x 1000 Da) are indicated on the right. 

and are resistant to solubilization. In the total of three prepa- 
rations analyzed in this fashion, the 32- and 36-kDa bands were 
almost totally extracted in two, while one sample had these 
labeled bands in both extract and SJC. 

In general, between 8 and 15 labeled bands were seen in the 
SPM and SJC samples run on nonurea gels, while urea gels 
showed S-20 labeled bands. In some preparations, CYC-resis- 
tant, CAP-sensitive (i.e., mitochondrially synthesized) labeled 

bands were faintly evident in the SPM sample, but not in the 
SJC. 

In the experiments where regular SDS-PAGE gels were run, 
bands at 36, 38, 42, 45, and 55 kDa were seen in all SPM 
preparations, while bands at 14, 18, and 60 kDa were seen in 
seven of eight preparations and bands at 26, 28, and 116 kDa 
were seeli in six of eight preparations. Other bands at 24, 32, 
50, 52, 92, and 180 kDa were only occasionally seen. In gels of 
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the SJC preparations, the labeled bands at 38, 42, 45, 55, 60, 
and 116 kDa were seen in all seven preparations, while the one 
at 36 kDa was seen in six of seven. The bands at 14, 28, and 
50 kDa were seen in five of seven preparations. The other labeled 
bands seen in the SPM were only occasionally evident in fluo- 
rographs of the SJC. 

Similarly prepared samples solubilized in urea/SDS buffers 
and run on urea-containing SDS gels showed some differences 
in the pattern of label, although the distribution of labeled bands 
between different subfractions and the susceptibility of labeling 
to the two inhibitors was similar to that described above. Prom- 
inent diffuse labeling seen at the top of nonurea gels was not 
seen in urea gels. High molecular weight bands at 92, 100, 116, 
180, 200, and 220 kDa were more clearly evident in three of 
three SPM preparations, and bands at 60 and 116 kDa were 
much more prominent than in nonurea gels. Furthermore, sev- 
eral bands between 40 and 60 kDa that were either not seen or 
not clearly resolved in nonurea gels were more distinct in the 
urea gels. 

Of the two most prominently labeled bands in the SPM prep- 
aration, the band at 60 kDa did not colocalize with any per- 
ceptible Coomassie staining, while the band at 36 kDa was at 
approximately the same position as a minor Coomassie band. 
In the SJC sample, although in two of three experiments most 
of the label at 36 kDa was solubulized by Triton extraction, the 
minor Coomassie-stained band in that region was still percep- 
tible. In contrast to the SPM sample, the labeled band at 60 
kDa in the SJC sample did in some cases colocalize with a very 
faint Coomassie-stained band. 

Gel analysis of all synaptosomal membranes. Of the comple- 
ment of proteins present in synaptic plasma membranes, some 
are enriched when compared to other cell membranes while 
others are widely distributed membrane proteins (Kelly and 
Montgomery, 1982; Beesely, 1989; Gurd, 1989). To evaluate 
whether the labeled proteins in the SPM fraction were also 
present in other subfractions of the labeled synaptosome, all the 
membrane subfractions were analyzed with SDS-PAGE and 
fluorography in 11 experiments. The gels were prepared by load- 
ing equal amounts of protein from subfraction samples derived 
from synaptosomes treated with CYC, CAP, or no inhibitor. 
One such gel analysis is illustrated in Figure 8. The Coomassie 
staining pattern indicated substantial differences in the protein 
composition of the subfractions; the fluorographs, however, re- 
vealed that the major CYC-sensitive bands in the SPM were 
also present in other membrane components of the synapto- 
some, including all of the bands present in the SJC fractions. 
However, the relative density of labeling of bands differed be- 
tween different subfractions. Since all but three of the labeled 
polypeptides were present in the Triton-insoluble part of the 
SPM but not in the Triton-soluble extract, they are presumably 
components of the Triton-insoluble SJC. The presence of la- 
beled bands in these other membrane fractions may be an in- 
dication that they are widely distributed membrane proteins or 
that the other membranes also contain SJC as a contaminant. 
Both Band 2 and mitochondria have been shown to be contam- 
inated to some extent with SJC-like structures (Kelly and Mont- 
gomery, 1982). 

Is the labeling of the SJC fraction the result of adventitious 
binding of labeled soluble proteins? 
One possible source of labeled protein in SJC fractions is labeled 
soluble protein that may artefactually adhere to the SJC during 

isolation (Matus et al., 1980; Carlin et al., 1982). To evaluate 
this possibility, two synaptosomal preparations were incubated 
as above, one with 35S-methionine (control) and one without 
(cold). After incorporation, the two preparations were pelleted 
and subjected to osmotic shock. The labeled and unlabeled sol- 
uble protein released into the supernatant was collected after 
pelleting the membrane. The soluble protein from labeled syn- 
aptosomes was added to the membrane pellet from the cold 
preparation, and the suspension was incubated for 10 min. The 
membrane pellet was then collected from the labeled and cold 
preparations and subjected to the usual fractionation procedure. 
If labeled soluble protein binds to the SJC, then this binding 
should be evident in the cold SJC preparation that had been 
exposed to labeled soluble protein. 

In two experiments, the specific activity of the SPM from cold 
synaptosomes was 5.6% and 7.4% of the labeled preparation 
and that of the SJC was 7.3% and 1.2%. These results indicate 
that only a small percentage of the labeling of the SPM and SJC 
seen in control preparations could be due to adventitious bind- 
ing of soluble proteins. 

It is important to note that the conditions during which ex- 
posure to labeled soluble proteins took place in the above ex- 
periment may not allow adventitious binding to occur to the 
same extent as in labeled synaptosomes. However, even though 
the amount of labeled protein adhering may be decreased due 
to this limitation, if any labeled soluble protein is adherent, the 
same labeled bands evident in fluorographs of the control prep- 
aration should be evident in the cold preparation, although less 
prominently. Thus, fluorographs of control (labeled) and cold 
preparations from the experiments above were compared. As 
illustrated in Figure 9, no labeled bands were evident in the 
fluorographs of the cold preparation. 

Discussion 

This experiment tested the hypothesis that some synaptic pro- 
teins are locally synthesized within dendrites. Synaptosome frac- 
tions were used as the test system since previous studies indi- 
cated that they contained dendrite fragments (separated from 
the cell body) that were capable of protein synthesis (Autilio et 
al., 1968; Cotman and Taylor, 197 1; Verity et al., 1980). Some 
of these dendrite fragments in our preparations clearly displayed 
the protein synthetic apparatus localized beneath the postsyn- 
aptic specialization (Fig. 2B-D). We confirmed findings from 
previous studies (Autilio et al., 1968; Morgan, 1970; Deanin 
and Gordon, 1973; Verity et al., 1980; Irwin, 1985) that showed 
that (1) synaptosomes incorporated labeled amino acids into 
protein, (2) CAP-sensitive incorporation accounted for only a 
minor part of the total protein synthetic activity but accounted 
for a substantial proportion of the incorporation into fractions 
that were likely to include mitochondria, (3) incorporation into 
all subfractions was sensitive to CYC, and (4) CYC and CAP 
inhibited the labeling of different polypeptides. Our further find- 
ing was that the SJC and SPM fractions from labeled synap- 
tosomes showed a high specific activity that was not due to 
contamination by other membrane fractions. Moreover, the la- 
beling of the polypeptides in the SPM and SJC fractions (as 
revealed by PAGE and fluorography) was sensitive to CYC and 
not CAP. These data are consistent with the hypothesis that a 
synapse-associated protein synthetic system exists in the syn- 
aptosomal preparation, which manufactures proteins that be- 
come an integral part of the SPM and SJC. 

One alternate explanation of these results is that the SJC is 
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“sticky” and therefore artefactually binds labeled protein re- 
leased by homogenization. Matus et al. (1980) showed that some 
cytoskeletal proteins (neurofilament and glial fibrillary acidic 
protein) adhere selectively to the PSD during homogenization 
and throughout the isolation procedure. As a result, these pro- 
teins coisolate with PSDs although neither protein is thought 
to be a component of PSDs in intact tissue. Carlin et al. (1982) 
also demonstrated that tubulin accumulates in a time-dependent 
fashion in PSD preparations from postmortem tissue. It is un- 
likely that the labeled polypeptides in our SJC preparation are 
due to such adventitious binding since some polypeptides (at 
38,42, and 55 kDa) that usually appear in fluorographs of the 
SJC are seldom labeled in the soluble fraction, and one labeled 
polypeptide at 60 kDa that is always seen in fluorographs of the 
SJC is not observed in fluorographs of the soluble fraction (e.g., 
compare soluble fraction polypeptides in Fig. 4 with SPM/SJC- 
labeled polypeptides in Figs. 7-9). Furthermore, addition of 
labeled soluble protein to an unlabeled membrane preparation 
demonstrated minimal binding of labeled soluble proteins to 
the SPM and SJC, and none of the labeled bands evident in 
fluorographs of the control SPM and SJC were detectable in the 
cold preparation (Fig. 9). 

Our results also provide further evidence about the nature of 
the protein synthetic systems present in synaptosomes. Early 
studies of synaptosomal protein synthesis evaluated the effects 
of different inhibitors on the incorporation (Autilio et al., 1968; 
Gordon and Deanin, 1968; Morgan and Austin, 1968) but did 
not subfractionate the various membrane components of the 
synaptosome. Thus, our results are the first to show that recently 

Figure 9. Gel analysis of adventitious 
binding of labeled soluble proteins. Two 
equal protein samples from a synap- 
tosomal preparation from 22-d-old rats 
were incubated as in Materials and 
Methods, one with -‘YS-methionine 
(labeled) and one without (unlabeled). 
After incorporation, the two samples 
were pelleted and subjected to osmotic 
shock. The labeled and unlabeled sol- 
uble protein released into the medium 

-200 
was collected from the supematant af- 
ter pelleting the membrane. The soluble 
protein from the labeled synaptosomes 

-116 was added to the unlabeled membrane 

-92 
preparation, and the suspension was in- 
cubated for an additional 10 min. The 
membrane pellet was then collected 

-66 from the labeled and unlabeled prepa- 
rations and subjected to the usual frac- 
tionation procedure. SDS-PAGE and 
fluorography was then carried out with 

-45 SPM and SJC subfractions obtained 
from synaptosomal membranes that 
were: labeled (I) and unlabeled, treated 
with labeled soluble proteins (2). Ap- 
proximately 20 pg of sample protein 
were loaded on 5-15Oh gradient gels 
containing urea. A, Serva Coomassie 
Blue R/ammonium sulfate-stained gel 
DreDared as in Neuhoff et al. (1985). B. 
Fluorograph (11 d exposure): The’ po- 
sitions of molecular weight standards 

2 
of the indicated molecular weight (x 
1000 Da) are indicated on the right. 

synthesized proteins are found in the SPM and SJC and therefore 
that eucaryotic ribosomal systems capable of synthesizing syn- 
aptic proteins are present in the synaptosomal fractions. 

The gel analyses in our study are the first to characterize the 
synaptic polypeptides made in this system. Wedege et al. (1977) 
performed gel analyses of whole synaptosomes after incorpo- 
ration of labeled amino acids, as did Irwin (1985) but the pat- 
tern of labeled polypeptides in the unfractionated synaptosome 
is complicated by the presence of labeled soluble proteins and 
mitochondrial proteins. These have been separately analyzed in 
our study. 

Nature of the labeled polypeptides 
Some of the labeled bands seen in fluorographs of our SPM and 
SJC preparations (at 45, 55, and 220 kDa) have apparent mo- 
lecular weights that are similar to those of cytoskeletal proteins 
that have been detected at synaptic junctions (actin, tubulin, 
and MAP-2, respectively). Both actin and tubulin are thought 
to be present in PSDs based on biochemical and immunocy- 
tochemical data (Matus et al., 1975; Toh et al., 1976; Kelly and 
Cotman, 1977, 1978). MAP-2 has been detected in the PSD 
with EM immunohistochemistry (Cacares et al., 1984). The 
colocalizations we see would suggest that a-tubulin, actin, and 
MAP-2 may be locally synthesized. However, in situ hybrid- 
ization studies have shown that mRNA for at least one tubulin 
isotype (P-tubulin) is not present in dendrites (Bruckenstein et 
al., 1990; Kleiman et al., 1990). This is also the case for the 
mRNA for &actin (R. Kleiman, G. Banker, and 0. Steward, 
unpublished observations). It is conceivable that’the mRNAs 
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for other isotypes of these proteins are present in dendrites and 
participate in local protein synthesis. The mRNA for MAP-2 
has been detected in dendrites (Gamer et al., 1988; Kleiman et 
al., 1990) making MAP-2 a good candidate for a locally syn- 
thesized synaptic polypeptide. 

The mRNA for the a-subunit of calcium/calmodulin-depen- 
dent kinase-2 (Ca/CaMK2) has been detected in neuropil areas 
rich in dendrites (Burgin et al., 1990). Ca/CaMK2 is a multi- 
merit protein containing 52-kDa (a) and 60-kDa (p) subunits 
and is a major protein component of the synaptic junction (Ken- 
nedy et al., 1983; Kelly et al., 1984; Kelly and Vernon, 1985). 
The 52 kDa and 60 kDa polypeptides are prominent in the 
Coomassie pattern in adult SJCs but less prominent in the im- 
mature SJC (Kelly and Cotman, 198 1; Kelly and Vernon, 1985). 
Interestingly, the mRNA for the p-subunit of the kinase does 
not appear to be present in dendrites (Burgin et al., 1990). These 
findings make the 52 kDa subunit of the kinase an attractive 
candidate for a locally synthesized synaptic protein. There were 
several labeled bands in the 50-60 kDa region of the gels of our 
SPM and SJC preparations, and the most prominent labeled 
band was at 60 kDa. However, the more prominent labeled 
bands we see do not colocalize with the Coomassie-stained band 
we believe is the locus of the Ca/CaM kinase 52 kDa subunit. 
The prominent labeled band at 60 kDa does not colocalize with 
any major Coomassie-stained band and is therefore unlikely to 
be the 60 kDa subunit of the kinase. One interpretation of our 
results is that the 52 kDa and 60 kDa subunits of the kinase are 
not locally synthesized beneath synapses even though the mRNA 
for the 52 kDa subunit is present in dendrites. However, our 
inability to demonstrate the newly synthesized 52 kDa subunit 
of the kinase in this system could also be due to (1) the absence 
or low abundance of the mRNA in comparison to other mRNAs 
[some synaptosome preparations from adult rats have been 
shown to contain the message for the 52-kDa subunit (Chicurel 
et al., 1990) which suggests that this possibility is unlikely]; (2) 
the inability to translate the message in the synaptosomal prep- 
aration; or (3) some property of the newly synthesized poly- 
peptide that leads to its migration at a different apparent mo- 
lecular weight than expected. Such anomolous migration could 
be due to a lack of normal posttranslational modification of the 
protein synthesized within synaptosomes. As a fourth possibil- 
ity, it is also conceivable that the newly synthesized polypeptide 
is unable to partition from the subsynaptic cytoplasm into the 
postsynaptic specialization in this system. The 52 kDa subunit 
of the Ca/CaMK2 changes its association developmentally from 
a predominantly soluble compartment to a particulate one (Kel- 
ly and Vernon, 1985). During the developmental period in which 
we have studied local synaptic protein synthesis, the Ca/CaMK2 
is largely soluble. 

Two prominent labeled bands in the SPM and SJC prepa- 
rations, at 60 kDa and 116 kDa, do not colocalize with major 
Coomassie-staining bands (Figs. 7-9). These bands were always 
seen in urea gels ofthe SJC but were less apparent in fluorographs 
of nonurea gels, where diffuse labeling was apparent at the top 
of the gel and in the stacking gel. A number of identified mem- 
brane glycoproteins (including receptor or channel polypeptides) 
have been reported to form very high molecular weight aggre- 
gates when boiled in SDS-containing buffers (like those used in 
our study) and then electrophoresed on nonurea gels (Wong et 
al., 1978; Rauh et al., 1986). These aggregates form a streak at 
the top of the gel similar to the ones we normally see in nonurea 
gels. These glycoproteins can, however, be clearly resolved by 

urea treatment (Rauh et al., 1986). While the phenomenon of 
aggregation in the presence of SDS and disaggregation in the 
presence of urea and SDS does not necessarily indicate a mem- 
brane glycoprotein, this characteristic coupled with the colo- 
calization with polypeptides of low abundance and the enrich- 
ment in membrane and not in soluble fractions (see Fig. 4) 
suggests that these labeled bands may be glycoproteins. Some 
known synaptic glycoproteins are of these molecular weights 
(Beesely, 1989; Gurd, 1989). If any of the labeled polypeptides 
are indeed glycoproteins, an important question is how such 
locally synthesized proteins could be glycosylated. 

Conclusion 
The present paper provides new evidence supporting the hy- 
pothesis that the polyribosomes that are present beneath post- 
synaptic sites synthesize protein components of the postsynaptic 
junction. In synaptosomes, the possibility of intracellular trans- 
port from other cellular sources is eliminated, and one can be 
sure that any precursor incorporation observed reflects protein 
synthesis within a defined subcellular compartment. One must 
be concerned that the synthesis of particular proteins may be 
disrupted in the subcellular fractions and that the local synthesis 
seen in this system may not reflect all local synthetic systems 
present in the intact cell. Thus, it is still to be established whether 
the polyribosomes that are present in dendrites also synthesize 
other types of protein (e.g., cytoskeletal proteins that do not play 
a role in the synaptic junction, or soluble factors which may be 
released at individual contact sites). Finally, although the iden- 
tities of the locally synthesized synaptic proteins are still un- 
known, the present study provides at least an initial character- 
ization of their diversity and molecular weight characteristics. 
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