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Abstract 

In rat pheochromocytoma (PC12) cells treated with nerve growth factor (NGF), there are several 
molecular forms of the enzyme acetylcholinesterase (AChE) which sediment on sucrose density 
gradients at 4 to 6, 10, and 16 S, respectively. We have investigated the cellular localization of these 
forms in PC12 cells. In order to determine which forms are soluble and which are membrane bound, 
we extracted PC12 cells in buffers of various ionic strengths and detergent compositions. To 
distinguish internal from external forms of the enzyme, we examined the effect of di-isopropyl 
fluorophosphate and BW284c51 dibromide, membrane-permeable and -impermeable inhibitors of 
AChE, respectively, on AChE forms in intact cells. We also determined the susceptibility of the 
forms in intact cells to collagenase treatment. Based on these studies, we conclude that the globular 
G, and G2 (4 to 6 S) forms are internal and consist of both soluble and membrane-associated species. 
Thirty percent of the Gq (10 S) form is bound to cytoplasmic membrane structures, while the 
remainder occurs as an integral component of the plasma membrane. The asymmetric Al2 (16 S) 
form is also a surface protein but is extracted by high salt without detergent and is released from 
intact cells by collagenase. This form thus contains a collagenous domain and is located outside of 
the plasma membrane, where it may be associated with an extracellular matrix. 

Acetylcholinesterase (AChE) in skeletal muscle occurs 
in several molecular forms that can be separated by 
velocity sedimentation (Hall, 1973). Recently, these mol- 
ecules have been shown to belong to two distinct struc- 
tural classes: the lighter or globular forms, G1, Gz, and G4 
(where the subscript denotes the number of catalytic 
subunits of each form), and the heavy or asymmetric 
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forms, Alz, Ag, and A4 (Bon et al., 1979). By analogy with 
AChE forms in Electrophorus and Torpedo whose struc- 
tures have been studied intensively, the asymmetric 
forms are thought to be composed of tetramers of the 
globular subunits attached to a long, collagen-like tail 
(Massoulie, 1980). The asymmetric forms are of particu- 
lar interest because their presence in muscle appears to 
be dependent upon innervation (Hall, 1973; Koenig and 
Vigny, 1978; Weinberg and Hall, 1979; Inestrosa et al., 
1979; Rubin et al., 1980). Because some AChE is associ- 
ated with the basal lamina at the neuromuscular junction 
(McMahan et al., 1978), it has been suggested that the 16 
S form, which has a long, collagen-like tail, is associated 
with the collagenous extracellular matrix at the synapse 
(Massoulie, 1980). Direct support for this hypothesis has 
not yet been obtained. Forms of AChE similar to those 
in muscle also have been found in central and peripheral 
nervous tissue (Rieger et al., 1980a; Gisiger et al., 1976); 
autonomic ganglia in particular have both globular and 
asymmetric forms (Gisiger et al., 1976). 

When treated with lierve growth factor (NGF), rat 
PC12 pheochromocytoma cells express several differen- 
tiated functions similar to sympathetic neurons. Treated 
cells extend long neurites (Greene and Tishler, 1976) and 
undergo changes in electrical properties similar to devel- 
oping sympathetic neurons (Dichter et al., 1977; O’Lague 
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and Huttner, 1980). Another characteristic of these cells 
when exposed to NGF is the appearance of a form of 
AChE that sediments at 16 S in sucrose gradients (Rieger 
et al., 1980b). We have used this homogeneous, nerve- 
like tissue to study the cellular distribution of the various 
forms of AChE, especially the asymmetric form. Our 
results indicate that the globular forms, sedimenting at 
4 to 6 and 10 S, are distributed within membranous and 
cytoplasmic compartments within the cell, including the 
plasma membrane. The 16 S asymmetric form of AChE, 
however, is located extracellularly, where it may be part 
of an extracellular matrix. 

Materials and Methods 

Sources for chemicals were: sucrose (enzyme grade), 
Schwarz Mann Biochemicals; BW284c51 dibromide, Bur- 
roughs Wellcome Co.; di-isopropyl fluorophosphate 
(DFP), Sigma Chemical Co.; collagenase, form III (chro- 
matographically purified and free of detectable nonspe- 
cific proteases), Advanced Biofactures Corp., Lynbrook, 
NY. All other chemicals were of reagent grade. 

PC12 cells were grown in Dulbecco’s modified Eagle’s 
medium supplemented with 5% horse serum, 4% newborn 
calf serum, and 1% fetal calf serum (all obtained from the 
University of California, San Francisco cell culture facil- 
ity) in 60-mm plastic tissue culture plates (Falcon) coated 
with rat tail collagen. Experiments were initiated by the 
addition of 2.5 S NGF (prepared by the method of 
Mobley et al., 1976) to the final concentration indicated 
(normally 100 rig/ml). Medium was changed and fresh 
NGF was added every 2 d. 

Cell extracts. The cells were removed from the dishes 
mechanically, washed in 10 mM Tris-Cl, pH 7.4, and 
homogenized by hand in a Dual1 Kontes ground glass 
homogenizer in 10 mu Tris-Cl, pH 7.4, 1 M NaCl, 0.5% 
Triton X-100, 20 mM EDTA (ethylenediaminetetra-ace- 
tate), 5 InM EGTA (ethylene glycol bis(j?-aminoethyl 
ether)-N,N,N’,N’-tetra-acetic acid), and 20 units/ml of 
aprotinin (buffer A). 

Velocity sedimentation. The detergent extract thus 
prepared was centrifuged at 15,000 x g for 15 min to 
clear particulate material. Aliquots (200 ~1) of the result- 
ing supernatants were loaded onto a 5-ml5 to 20% linear 
sucrose gradient made up in buffer A. Sedimentation 
ultracentrifugation was performed in a Beckman L5-65 
ultracentrifuge in a SW 50.1 rotor. Samples were centri- 
fuged at 33,000 rpm for 16 hr at 4°C and approximately 
40 fractions were collected from the bottom of each 
gradient. The relative proportions of different AChE 
molecular forms in relation to total AChE recovered from 
the gradient (90% recovery) was evaluated by a graphical 
integration of the area under each peak and under the 
total sedimentation profile. Sedimentation coefficients 
for AChE forms were determined by comparison with 
those of ,f?-galactosidase (16 S), catalase (11.3 S), and 
alkaline phosphatase (6.4 S). In some experiments, AChE 
forms were analyzed after centrifugation on linear 5 to 
20% sucrose gradients in a SW 41 Ti rotor. In these cases, 
the lower molecular weight forms resolved into two peaks 
of approximately 4 and 6 S as originally reported by 
Rieger et al. (1980b) (data not shown). The 6 S form also 
can be detected as a shoulder on the 4 S peak in some 

gradients (see Fig. 5~). We thus routinely refer to this 
activity as the 4 to 6 S forms. 

AChE assay. AChE (EC 3.1.1.7) was assayed by the 
method of Ellman et al. (1961) using acetylthiocholine as 
the substrate. Hydrolysis of acetylthiocholine by the 
samples was reduced at least 95% by the addition of 5 
,UM BW284c51 (BW), a selective inhibitor of AChE. Thus, 
most of the enzymatic activity that we have observed 
represents specific AChE. 

Protection of AChE by BW284c51. PC12 cells treated 
for 5 d with 100 rig/ml of NGF were preincubated for 1 
min in the presence of 0.75 mM BW dissolved in phos- 
phate-buffered saline (PBS) to block the active site of 
surface AChE. Di-isopropyl fluorophosphate (DFP) then 
was added in the continued presence of BW to a final 
concentration of 2.5 X lo-” M for 3 min at room temper- 
ature (20°C). The solution containing DFP was removed, 
and the cells were washed once with 0.75 mM BW in PBS 
and then at least three times with PBS alone. The cells 
then were extracted and analyzed for AChE forms on 
sucrose gradients as described above. 

Collagenase treatment of PC12 cells. PC12 cells were 
grown for 5 d in 100 rig/ml of 2.5 S NGF, washed to 
remove serum, and then incubated in the presence of 0.1 
mg/ml of collagenase, form III, in 20 mM Tris-Cl, pH 7.4, 
and 10 mM CaC12. 

Aggregation of 16 S AChE in low salt buffer. PC12 
cells grown for 5 d in 100 rig/ml of NGF were homoge- 
nized in buffer A and centrifuged at 15,000 x g for 15 
min, and the final supernatant was dialyzed overnight at 
4°C against buffer A without 1 M NaCl. The low salt- 
soluble and -insoluble fractions were separated by cen- 
trifugation at 15,000 x g for 15 min, and the pellet thus 
obtained was redissolved in buffer A. Samples of the 
supernatant and redissolved pellet then were analyzed 
by velocity sedimentation on linear 5 to 20% sucrose 
gradients. 

Results 

Regulation of AChE by NGF and induction of the 16 
S form. When rat pheochromocytoma PC12 cells are 
treated with NGF, both the total AChE activity (Rieger 
et al., 1980b; Lucas et al., 1980) and the activity released 
into the medium (Lucas et al., 1980) increase, and a new 
AChE species, the 16 S form, is induced (Rieger et al., 
1980b). The increase in total AChE activity of PC12 
cultures caused by 5 d of treatment with increasing doses 
of 2.5 S NGF is shown in Figure la. Total AChE activity 
increased a maximum of 5-fold in our culture conditions. 
Figure 1 b shows examples of the distribution in sucrose 
gradients of AChE forms from PC12 cells treated with 
various concentrations of NGF. Three clear peaks of 
AChE activity with apparent sedimentation coefficients 
of 4, 10, and 16 S were observed after incubation with 
100 rig/ml of NGF. Each of the peaks represents a stable 
form of the enzyme since the sedimentation properties 
were retained after dialysis and resedimentation. This is 
illustrated for the 16 S form in Figure lc. 

The active site of 16 S AChE is extracellular. To 
determine which forms of the enzyme are exposed on the 
cell surface, we examined the effects of enzyme inhibitors 
differing in lipid solubility and hence in ability to cross 



Inestrosa et al. Vol. 1, No. 11, Nov. 1981 

lipid soluble and easily crosses the cell membrane to 
inactivate the intracellular AChE permanently. Since the 
inhibition caused by BW is readily reversible, the pro- 
tected form could be assayed for activity after sequential 
removal of the excess DFP and then of the BW. In these 
experiments, 20 to 25% of the total cellular AChE was 
protected by BW. Analysis of the remaining active AChE 
forms by velocity sedimentation in sucrose gradients 
(Fig. 2) showed that the 16 S form was completely (97.3%) 
protected, that the 10 S form was partially (73%) pro- 
tected, and that at least 88% of the 4 to 6 S forms was 
inhibited by this procedure. 

These results indicate that all of the 16 S AChE form 
(A12) and most (70%) of the 10 S form (G4) have the 
active site exposed to the extracellular fluid, whereas the 
4 to 6 S forms (G1 and Gz) are localized in an interior 
compartment of the PC12 cells. 

16 S AChE is solubilized by high salt., In order to 
investigate further the cellular localization of the various 
forms of AChE, we extracted cells in a variety of buffers 
designed to solubilize differentially the membrane-bound 
and soluble forms of the enzyme. The optimum solubili- 
zation of AChE was obtained by extraction with 1 M 

NaCl, 20 mu EDTA, and 0.5% Triton X-100. Under these 
conditions, 95% of the total AChE in the cells is solubi- 
lized. Figure 3 a shows a sucrose gradient profile of AChE 
forms in such an extract. Extraction of the cells in low 
salt buffer (100 mM NaCl and 20 mM EDTA) solubilized 
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Figure 1. Effects of NGF concentration on total AChE and 
on different molecular forms. a, After 5 days in NGF, the cells 
were removed from the dishes mechanically, washed in 10 mM 
T&-Cl, pH 7.4, and homogenized in buffer A (see “Materials 
and Methods”). Aliquots then were assayed for AChE activity 
by the method of Elhnan et al. (1961). b, Cells were grown, 
harvested, and extracted as above and the detergent extract 
was centrifuged at 15,000 x g for 15 min. The resulting super- 
natant (0.2 ml) was applied to a 5-ml 5 to 20% linear sucrose 
density gradient made up in buffer A. The figure shows the 
profile of AChE forms in untreated cells (0) and those that 
received 50 rig/ml (0) or 100 rig/ml (A) of NGF for 5 d prior to 
harvesting. Curves have been displaced along the ordinate for 
clarity. The arrow corresponds to the marker /?-galactosidase. 
c, Sucrose gradient profile of 16 S AChE from PC12 cells treated 
with 2.5 S NGF after recentrifugation. Factors containing 16 S 
AChE from a sucrose gradient run as above (b) were pooled, 
concentrated, dialyzed against buffer A overnight at 4”C, and 
then recentrifuged and analyzed as above. The peak of maxi- 
mum activity in each figure was assigned a value of 100 and the 
other points were normalized accordingly. 

cell membranes (McIssac and Koelle, 1959; Rieger et al., 
1976a; Rotundo and Fambrough, 1980; Taylor et al., 
1981). Using combinations of these inhibitors, it is pos- 
sible to inactivate intracellular AChE irreversibly and 
then to identify on sucrose gradients the forms that 
remain active. Intact PC12 cells were treated with 
BW284c51 (BW), a water-soluble compound that revers- 
ibly blocks the AChE catalytic site and that crosses 
membranes poorly. With the cells still exposed to BW, 
the internal AChE was inactivated with an irreversible 
inhibitor, di-isopropyl fluorophosphate (DFP), which is 
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Figure 2. Protection of 16 S AChE by BW284c51. This 
sucrose gradient profile of AChE was obtained from PC12 cells 
grown for 5 d in 2.5 S NGF. The curves represent forms of 
AChE in control cells (0), in cells in which AChE had been 
inactivated by DFP (A), and in cells treated for 1 min in 0.75 
mM BW before DFP inactivation as described under “Materials 
and Methods” (0). Multiplication by 0.0735 converts the results 
to micromoles of substrate hydrolyzed per min. Pretreatment 
of the cells with BW for 6 set gave similar results, while 
pretreatment for 6 min resulted in additional protection of 4 to 

6 (43% instead of 12%) and 10 S forms (82% instead of 73%), 
suggesting that the BW was able to cross the membrane after X 
longer exposure times. 
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only 30% of the total activity; this consisted entirely of 
the 4 to 6 S forms when the activity was analyzed in 
gradients containing Triton X-100 (data not shown). In 
gradients without detergent, however, 40% of this activity 
aggregated into forms of higher sedimentation coeffi- 
cients, indicating that some of the 4 to 6 S activity 
interacts with detergent (Lazar and Vigny, 1980). When 
NGF-treated PC12 cells were homogenized in 1 M NaCl, 
20 mM EDTA without detergent, all of the 16 S form and 
a small fraction of the 10 S form (13%) were solubilized 
in addition to the 4 to 6 S forms (31%) (Fig. 3b). Further 
extraction of the pellet with the non-ionic detergent 
Triton X-100 plus 1 M NaCl and 20 mM EDTA released 
most of the 10,s form (87%) and the remainder (67%) of 
the 4 to 6 S form (Fig. 3~). The detergent released no 
additional 16 S AChE activity. 

These results indicate that the asymmetric, fast sedi- 
menting AChE form Alz (16 S) is not an integral mem- 
brane protein since it can be solubilized without deter- 
gent, whereas the Gd AChE form (10 S), which requires 
detergent for extraction, presumably is an integral mem- 
brane protein. We cannot exclude the alternative possi- 
bility that 10 S AChE is a peripheral protein attached to 
an integral membrane protein in some special manner. A 
significant amount of the G1 and Ga forms (4 to 6 S) 
behaves like a membrane-bound enzyme, but at least 
30% of these forms remains soluble or loosely bound to 
intracellular elements. 
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Figure 3. Differential solubilization of AChE forms by high 
salt concentration. a, Sucrose gradient profile of AChE obtained 
from PC12 cells grown for 5 d in 2.5 S NGF, harvested, ex- 
tracted, and analyzed as in Figure 1. b, Sucrose gradient profile 
of AChE forms from cells grown in 2.5 S NGF for 5 d and 
extracted in buffer A without detergent. c, Sucrose gradient 
profile of AChE forms extracted in buffer A from the pellet 
remaining after the high salt extraction and centrifugation 
shown in b. 

16 S AChE appears to have a collagen-like tail. Be- 
cause collagenase removes the AChE from muscle end- 
plates (Hall and Kelly, 1971; Inestrosa et al., 1977), we 
studied the effect of purified collagenase on the AChE of 
intact PC12 cells treated with NGF. At 37”C, PC12 cells 
normally released AChE into the culture medium. Incu- 
bation of the cells with collagenase at 37°C caused a 
small increase in AChE release as shown in Figure 4a. 
Analysis by sucrose gradient sedimentation of the AChE 
activity of cells treated with collagenase showed that 
enzyme treatment caused a specific decrease in the 16 S 
form associated with the cells. Figure 4 b illustrates the 
16 S portion of gradients treated with collagenase for 
various times. When PC12 cells were incubated with 
collagenase for 4 hr at 37”C, at least 90% of the 16 S form 
was removed from the cells (Fig. 4c), although this 
treatment affected none of the globular forms of AChE. 
When the activity released into the medium by collage- 
nase was examined on sucrose gradients, it was found to 
sediment at 10 S (data not shown). In the absence of 
collagenase, the cells release primarily 10 S AChE with 
some 4 to 6 S as originally reported by Rieger et al. 
(1980b). 

Because the collagenous tail of AChE from muscle and 
electric organ causes the enzyme to be insoluble in low 
ionic strength buffers (Massoulie, 1980), we tested the 
effect of low ionic strength on the neuronal forms of the 
enzyme. An extract of the NGF-treated PC12 cells made 
with 1 M NaCl and 0.5% Triton X-100 was dialyzed 
against a low salt buffer with detergent. The material 
thus precipitated was collected by centrifugation and 
redissolved in high salt plus detergent. Both the super- 
natant after dialysis and the redissolved pellet were an- 
alyzed on sucrose gradients. Figure 5 shows that the 16 
S form is readily separable from the 4 to 6 and 10 S 
forms. Under these conditions, only the Al2 form (16 S) 
was detected in the low salt-insoluble fraction (Fig. 5 b); 
we did not find any evidence for asymmetric Ag or Aq 
forms in these cells. 

On the basis of collagenase sensitivity and low salt 
insolubility, we conclude that She 16 S AChE induced by 
NGF is an asymmetric form containing a collagen-like 
domain. The sensitivity of this form to collagenase treat- 
ment of intact cells provides further evidence that the 16 
S AChE is on the cell surface, where it is accessible to 
the enzyme. 

Discussion 

From our experiments (see Fig. 2 and Table I), it is 
clear that most (75%) of the AChE in NGF-treated rat 
pheochromocytoma PC12 cells is intracellular and that 
at least 90% of this enzyme is comprised of AChE forms 
with a sedimentation coefficient of 4 to 6 S (G, and G2 
globular forms). These forms behave mostly (56%) as if 
they were membrane-bound proteins (Fig. 3) although it 
is possible that some of these AChE molecules are soluble 
but localized within intracellular membranous structures 
not disrupted by our homogenization procedure. It has 
been shown recently by histochemical methods that most 
intracellular AChE activity is localized in cisternae of the 
rough endoplasmic reticulum, both in NGF-treated and 
untreated PC12 cells (Lucas et al., 1980). AChE appears 
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Figure 4. Effect of collagenase on 16 S AChE. a, Rate of release of total 
AChE by collagenase. PC12 cells were grown for 5 d in 100 rig/ml of 2.5 S 
NGF, washed to remove serum, and then incubated in the presence of 0.1 
rig/ml of collagenase in 20 mM T’ris-Cl, pH 7.4, and 10 mM CaClz for 4 hr. 
Incubations were at 37°C without cohagenase (0) and 37°C in the presence 
of collagenase (0). b, Selected part of the sucrose gradient showing the 16 
S AChE region. An analysis of AChE forms in collagenase-treated PC12 
cells by sucrose gradient centrifugation is shown. Incubations were at 37°C 
without collagenase (0) and 37°C for 30 min (O), 70 min (O), or 4 hr (0) in 
the presence of collagenase. c, Sucrose gradient profile of AChE forms 
obtained from PC12 cells grown for 5 d in 2.5 S NGF and then incubated at 
37°C for 4 hr in the absence (0) or presence (@) of collagenase. Multipli- 
cation by 0.0735 converts the results to micromoles of substrate hydrolyzed 
per min. 

to be similarly localized in adrenal chromaffin cells (Som- 
ogyi et al., 1975), in neurons of the central nervous system 
(Kreutzberg and Toth, 1974)) and in muscle cells (Sawyer 
et al., 1976). Our studies of PC12 cells indicate that this 
activity is likely to correspond to the G1 and G2 forms; 
the cisternal localization may reflect the site of synthesis. 

Our experiments further indicate that about 25% of the 
total AChE in NGF-treated cells is localized on the cell 
surface or attached to the substratum. Most of this AChE 
activity corresponds to the 10 S form, which behaves as 
an integral membrane protein whose active site is ex- 
posed to the medium. Cell surface AChE has been ob- 
served also in the adrenal medulla, where some of the 
AChE is extracellular and appears to be a component of 
the plasma membrane (Somogyi et al., 1975). In a variety 
of cell types, 10 S AChE (G4) has been found to be 
associated with membranes. Detergent is necesssary for 
complete solubilization of this form from rat brain (Rie- 
ger and Vigny, 1976) and from neuroblastoma cells (Rie- 
ger et al., 1976b). Further, in rat neuroblastoma x sym- 
pathetic hybrids (T28) (Rieger et al., 1976a; Lazar and 

Vigny, 1980) and in cultured chick muscle (Rotundo and 
Fambrough, 1980), some of the Gq form is located on the 
external membrane. Thus, the 10 S form of PC12 seems 
to share several properties with the analogous form from 
other tissues. We observed that 10% of the G1 and GP 
forms was protected by BW, suggesting that this also 
may be located on the cell surface. This is consistent 
with the finding of other investigators, who recently 
reported that some of the Gz form is located on the cell 
surface (Rotundo and Fambrough, 1980; Taylor et al., 
1981). 

The rest of the extracellular AChE is the asymmetric 
16 S form which accounts for 4 to 6% of the total AChE 
activity in NGF-treated PC12 cells (Table I). About 10% 
of the 16 S AChE is resistant to digestion with collagenase 
(Fig. 4c), raising the possibility that this fraction may 
have an intracellular location. All of the 16 S form was 
protected by BW from DFP inactivation. Because longer 
times of pretreatment with BW gave increasing protec- 
tion of 10 and 4 to 6 S forms (see the legend to Fig. 2), it 
is likely that some BW crosses the membrane and pro- 
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Figure 5. Aggregation of 16 S AChE in low salt buffer. These 
gradients were run in a SW 41 Ti rotor at 40,000 rpm for 21 hr. 
For experimental details, see “Materials and Methods.” a, 
Molecular forms of AChE in the original sample prior to dialysis 
showing the 16, 10, and 4 to 6 S peaks. b, Gradient of material 
redissolved from the precipitated protein pellet containing only 
the 16 S AChE. c, Gradient showing the forms remaining in the 

supernatant following dialysis, 10 and 4 to 6 S. The peak of 
maximum activity in each figure was assigned a value of 100 
and the other points were normalized accordingly. 

tects internal AChE. It is thus possible that there is a 
small internal pool of 16 S AChE which could have 
escaped detection in the BW protection experiments; 
nevertheless, our results indicate that at least 90% of the 
16 S AChE in PC12 cells has an-extracellular location. 

The precise extracellular location of the 16 S form is 
unknown. It is released from its attachment site by high 
ionic strength, suggesting that it is part of the extracel- 
lular matrix. The solubilization properties of the enzyme, 
its sensitivity to collagenase, and its aggregation at low 
ionic strength suggest that it is analogous to the asym- 
metric tailed form of AChE that is associated with muscle 
end-plates (Hall, 1973; Massoulie, 1980). PC12 cells have 
been reported to form functional contacts with each 
other (Schubert et al., 1977), and AChE is localized at 
synaptic regions between splanchnic nerves and adrenal 
chromaffin cells (Somogyi et al., 1975) from which phe- 
ochromocytoma cells are derived. Therefore, it is possible 
that the 16 S AChE in PC12 cells has a synaptic location. 

It is not clear whether the neuronal 16 S AChE is 
associated with a basal lamina, with synaptic cleft ma- 
terial, or with some other form of extracellular matrix. In 
muscle, at least part of the AChE at the neuromuscular 

TABLE I 
Cellular localization of AChE molecular forms in NGF-treated 

PC12 cells 

The distribution of AChE forms in NGF-treated PC12 cells is shown. 
Each column indicates the distribution of each of the AChE forms 
among the various intra- and extracellular compartments calculated 
from all of our experiments. The final column indicates the percentage 
of total AChE in each compartment. 

Percentage of AChE 
Molecular Forms in 
Each Compartment 

Percentage of Total 
Cellular AChE 

4-6 S 10s 16s 

Intracellular 
Membrane bound 56 27 0” 51 
Soluble 33 7* 11” 24 

75% intracellular 

Cell surface’ 
Plasma membrane 
Extracellular matrix 

11 66 0 20 
0 0 89 2 

25% cell surface 

a The distribution of 16 S in the intracellular compartment is un- 
known; we have arbitrarily localized all of the activity in the soluble 
compartment. 

’ This amount of 10 S enzyme may reflect AChE in small fragments 

of membrane not pelleted by the centrifugation at 15,000 x g rather 
than truly soluble enzyme (see Fig. 3). 

‘As indicated in the legend to Figure 2, the membrane may be 

slightly permeable to BW284c51 under our experimental conditions 
and thus it may protect a small fraction of internal AChE. Accordingly, 
the values shown here have been corrected by subtracting 10% of the 
activity of each molecular form present at the cell surface. Each value 
is the mean of four (cell surface) and two (intracellular) different 
experiments; the variation in each case was less than 10% 

junction is associated with the basal lamina (McMahan 
et al., 1978). Although neurons in vivo do not have a 
basal lamina on their surface (Schachner et al., 1978), 
neuroblastoma cells in culture have been demonstrated 
to produce several basal lamina glycoproteins (Alitalo et 
al., 1980), and PC12 cells have been shown recently to 
secrete a variety of basal lamina components including 
collagen (Greenberg et al., 1980), a laminin-like protein 
(McGuire et al., 1978), and glycosaminoglycans (W. D. 
Matthew and L. F. Reichardt, unpublished results). The 
nature of the extracellular matrix associated with pheo- 
chromocytoma cells in culture and its relation to 16 S 
AChE requires further investigation. 

Because all AChE forms in a given animal species 
appear to be catalytically equivalent (Vigny et al., 1978; 
Massoulie, 1980)) the various forms, differentially local- 
ized within the cell, may represent different stages in a 
sequence of well defined aggregation steps and modifi- 
cations to the basic subunit as it proceeds from the 
interior to the exterior of the cell. The study of the 
synthesis, modification, and transmembrane transport of 
AChE may yield a better understanding of the mecha- 
nisms of localization of proteins to the plasma membrane 
and extracellular matrix. 

Finally, an important question in development, espe- 
cially at the neuromuscular junction, is which cells man- 
ufacture and secrete the specific molecules that comprise 
the extracellular matrix in the synaptic region. In partic- 
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ular, the cell of origin of synaptically localized AChE has 
not been established. Muscle cells are clearly capable of 
producing 16 S AChE in the absence of nerve under 
appropriate conditions (Sugiyama, 1977; Koenig and 
Vigny, 1978; Inestrosa et al., 1981; L. Silberstein, N. C. 
Inestrosa, and Z. W. Hall, submitted for publication). 
However, the extracellular localization of 16 S AChE 
demonstrated here in a nerve-like cell line, the axonal 
flow of this form of the molecule (DiGiamberardino and 
Couraud, 1978; Fernandez et al., 1980), and the decrease 
in AChE at the neuromuscular junction after blockade 
of axonal flow (Fernandez and Inestrosa, 1976) suggest 
that at least a fraction of the AChE at the neuromuscular 
junction could be of neuronal origin. 
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