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ABSTRACT A protein kinase activity was observed in
coated vesicles, prepared from bovine brain, that had clathrin-
associated protein 2 (CAP2, also known as clathrin light chain
2) as its principal substrate. Coated vesicles were purified by
sucrose density gradient centrifugation followed by Sephacryl
S-1000 column chromatography, and all buffers utilized in
these procedures contained a mixture of proteolysis inhibitors
to maintain CAP2 kinase activity. Incubation of vesicles with
[-32P]ATP in the presence of 7 IAM polylysine resulted in an
overall increase in the incorporation ofphosphate. NaDodSO4/
PAGE revealed that the principal recipient of this additional
phosphate was CAP2 (Mr 33,000), the faster-migrating com-
ponent of the clathrin coat-associated proteins, whereas CAP1
(Mr 36,000) was not phosphorylated. A number of other
proteins, in the Mr 140,000 and 100,000 regions, were
phosphorylated to a lesser extent. Polyarginine and polyethyl-
enimine also supported CAP2 phosphorylation, but arginine
and lysine were ineffective. The phosphorylated protein was
identified as CAP2 because addition of exogenous CAPs result-
ed in increased incorporation of label into Mr 33,000
polypeptides and because heat treatment of labeled vesicles
followed by ultracentrifugation resulted in recovery of labeled
Mr 33,000 protein in the supernatant. Phosphorylation ofCAP2
may play a regulatory role in clathrin coat/coated vesicle
functions.

Coated vesicles are known to carry a protein kinase activity
that utilizes a vesicle-associated, Mr 50,000 protein (pp5O) as
the principal substrate (1-4). This enzyme activity is not
modulated by a variety of known effectors, although it does
require Mg2+. It was recently suggested (5) that the kinase
activity resides in the ppSO itself, since 8-azidoadenosine
5'-[a-32P]triphosphate was found to associate with a doublet
of proteins (Mr 53,000 and 50,000) in liver coated vesicles
which appears to be related to the brain vesicle protein, a
singlet at Mr 50,000. Additional support for this proposal is
the copurification of kinase activity with a complex isolated
from brain coated vesicles and consisting of Mr 50,000 and
100,000 proteins. These proteins are implicated as an assem-
bly factor for the in vitro formation of "baskets" by the
clathrin-CAPs complex (6). Furthermore, interaction of the
CAPs (clathrin-associated proteins) with the kinase complex
stimulates phosphate incorporation into ppSO (7). However,
it is unknown what role, ifany, phosphorylation ofppSO plays
in the function of the assembly polypeptide complex. We
report here the expression ofa kinase activity associated with
brain coated vesicles that utilizes CAP2 (also known as
clathrin light chain 2) as a principal substrate and therefore
may modulate clathrin coat functions in coated vesicles.

MATERIALS AND METHODS
Materials. Histones (types II-AS, III-S, V-S, and VIII-S),

poly(L-lysine) (average Mr 16,000), poly(L-arginine) (Mr
40,000), poly(L-aspartate) (Mr 15,000), poly(NE-carbo-
benzoxy-L-lysine) (Mr 10,000), spermidine, lysine, arginine,
leupeptin, benzamidine, egg trypsin inhibitor, phenylmeth-
ylsulfonyl fluoride, and 2-(N-morpholino)ethanesulfonic acid
(Mes) were from Sigma. [y-32P]ATP (10 mCi/ml, 2900
Ci/mmol; 1 Ci = 37 GBq) was purchased from New England
Nuclear. Polyacrylamide gel electrophoresis reagents were
from Bio-Rad. Scintiverse scintillation solution and other
reagent-grade chemicals were. from Fisher. X-Omat R film
and developing chemicals were from Kodak. Sephacryl
S-1000 was from Pharmacia, and enzyme-grade sucrose from
Schwarz/Mann.
Methods. NaDodSO4 (0.1%)/polyacrylamide (5-15%) gra-

dient gel electrophoresis was performed according to
Laemmli (8). Gels were stained with Coomassie blue, and
protein was determined by the method of Lowry et al. (9)
using bovine serum albumin as standard.

Preparation of Coated Vesicles. Four beef brains yielding
=500 g of cortex were obtained from a local slaughterhouse
and processed as described (10), with the addition of a
mixture of proteolysis inhibitors [leupeptin, 1 ,ug/ml; egg
trypsin inhibitor, 2 ,g/ml; phenylmethylsulfonyl fluoride, 0.2
mM; and benzamidine, 0.5 mM (final concentrations)]. The
100,000 x g pellets obtained from the crude homogenate were
resuspended in 0.1 M Mes buffer containing 0.5 mM MgCl2,
7mM 2-mercaptoethanol, 1 mM EGTA, 0.02% sodium azide,
and the proteolysis inhibitors and sedimented through two
sets of sucrose gradients. The vesicle fractions were resus-
pended in the Mes buffer containing the inhibitors and
chromatographed on a 2.5 x 100 cm Sephacryl S-1000
column to remove contaminating membranes. Purified ves-
icles were generally rechromatographed to increase their
purity, finally yielding 35-50 mg of highly pure coated
vesicles. The whole procedure took 4 days. Vesicles re-
mained active for a month when stored at 4°C with the
proteolysis inhibitors. In agreement with previous reports (1,
2), vesicles prepared in this manner did not exhibit
Ca2+/calmodulin-regulated protein kinase activity (3). Inclu-
sion of the proteolysis inhibitors appeared important for
preservation of proton-pump activity and CAP2 kinase ac-
tivity, because earlier preparations of coated vesicles carried
out in the absence of the inhibitors yielded equivocal results
in the detectable levels of these enzyme activities.
Assay for the Endogenous Coated Vesicle Kinase Activities.

The standard reaction mixture contained 100 mM Tris Cl
buffer (pH 7.5), 10 mM MgCl2, coated vesicles (100 ,g of
protein, added in 10-20 ,ul of the Mes buffer mixture), 20 ,uM
[y-32P]ATP (specific activity 500-1000 cpm/pmol), and var-
ious additional reagents in a total volume of 100 ,Al. The

Abbreviation: CAP, clathrin-associated protein.
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reaction mixture was preincubated at 30'C for 5 min, and the
reaction was initiated by the addition of ATP. Generally, the
reaction was allowed to proceed for 3 min, at which time 50
Al of 1% NaDodSO4/30% (vollvol) glycerol/0.01% phenol
red/0.1% 2-mercaptoethanol was added. An 80-,ul aliquot
was loaded on a NaDodSO4/polyacrylamide slab-gel lane,
and electrophoresis was carried out at 7 mA per gel over-
night. Gels were fixed, stained, and destained following
standard procedures and dried using a Hoeffer drying appa-
ratus. Dried gels were subjected to autoradiography, gener-
ally for 15 hr at 40C. Radioactive bands were cut out of the
gel and analyzed by liquid scintillation counting in Scinti-
verse.

RESULTS

Phosphorylation of Histones. To characterize further the
protein kinase activity present in coated vesicles, we inves-
tigated the vesicles' ability to phosphorylate exogenously
added substrates. Substrates tested included a variety of
histone preparations and phosvitin. Fig. 1 illustrates the
changes in the coated vesicle phosphorylation pattern. Lane
1 shows the phosphorylation pattern obtained in the absence
of effectors. Upon addition of histone type II-AS (lane 2),
there was a decrease in the level of phosphate incorporation
into pp5O, with the appearance of some label in CAP2 and
histone type II-AS (Mr 14,000). Upon addition ofhistone type
III-S, heavy phosphorylation was observed in the Mr 33,000
region of the gel, which contained both histone type HI-S and
CAP2. When histone type V-S was used, the pattern obtained
resembled that of lanes 2 and 3 combined. Lane 5 shows
somewhat less overall phosphate incorporation and con-
tained added histone type VIII-S, which is arginine-rich, in
contrast to the other histone preparations, which are lysine-
rich. Lanes 6 and 7 illustrate that phosvitin served as an
effective substrate for phosphorylation only when histone
type II-S was added concurrently. Since the histone fractions
altered the phosphorylation pattern of endogenous vesicle
proteins with varying effectiveness, it was deemed necessary
to determine whether the observed changes were due to the
charged nature of histones. A series of amino acid polymers
were tested for their ability to alter the substrate specificity
of the coated vesicle kinases. These homopolymers were
chosen because they were incapable of serving as substrates
for the enzyme and, consequently, would not complicate the
labeling pattern observed after gel electrophoresis.

Dependence of CAP2 Phosphorylation on the Presence of
Basic Polymers. Fig. 2 illustrates the effects of a variety of
agents upon phosphorylation of endogenous coated vesicle
substrates. Lanes 1-3 illustrate the dose-response for
polyethylenimine. The change in phosphorylation pattern
that occurs when sufficient polymer has been added may be
due to a second kinase activity or, alternatively, to a shift in
the specificity of the pp5O kinase. Lane 4 illustrates the effect
of poly(L-lysine) on this system. Note the clearly labeled
doublet in the Mr 50,000 region of the gel and not detectable
(or resolved) in the other lanes. Lanes 5-8 show the effect of
various amounts of poly(L-arginine) on the vesicle kinase.
This polymer is not as effective as the previous two, resulting
in an overall decrease (:50%) in total phosphate incorpo-
ration when compared with standard assay conditions.
The addition of poly(L-aspartate) (lane 9), an anionic

polymer, did not change the pattern of phosphorylation, and
it neutralized the effect of polylysine when added concur-
rently (data not shown). Addition of poly(Ne-carbobenzoxy-
lysine) (lane 10), a polymer in which the e-NH2 groups have
been neutralized; of spermidine (lane 11); of lysine (lane 12);
or of arginine (lane 13) resulted in no change in phosphoryl-
ation, indicating that the modulatory ability of the basic
polymers is dependent upon both charge and conformation.
Table 1 lists the results of representative experiments

showing the relative effectiveness of these polymers. There
was considerable variation in the absolute amount of phos-
phate incorporated from one vesicle preparation to another,
as well as decreased incorporation after longer storage times.
Comparisons of relative phosphate incorporation between
the polymers were made with the same batch of vesicles. Of
the three polymers, the most effective at inducing phosphate
incorporation into CAP2 was poly(L-lysine).
Time-course experiments were run to determine whether

phosphate was incorporated into one polypeptide in prefer-
ence to others. Results of a representative experiment are
shown in Fig. 3. From this autoradiograph it is apparent that
phosphate was incorporated rapidly and uniformly into the
various proteins, with maximal incorporation at 2 min. Liquid
scintillation counting of the major radioactive bands indicat-
ed that the reaction was 85% complete after 1 min (data not
shown).
To determine whether labeling of CAP2 occurred in the

absence of effectors, we increased the specific activity of the
[y-32P]ATP 10-fold to ensure that even minor phosphate
incorporation would be detected. Fig. 4 compares a standard
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FIG. 1. Autoradiograph showing the effect ofhistone fractions on
the phosphorylation pattern of coated vesicle proteins. All incuba-
tions were performed at 30°C with the addition of 20 ,g of the
indicated histone fraction (Sigma). An 80-,lI aliquot from a final
volume of 150 Al was loaded onto each lane ofthe gel. Lane 1: coated
vesicles (100 Ag of protein) alone. Lane 2: vesicles plus histone type
II-AS. Lane 3: vesicles plus histone type III-S. Lane 4: vesicles plus
histone type V-S. Lane 5: vesicles plus histone type VIII-S. Lane 6:
vesicles plus phosvitin (20 jig). Lane 7: vesicles, phosvitin (20 ug),
plus histone type 1I-AS (20 ,g).
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FIG. 2. Autoradiograph showing the effect of various basic
polymers upon the phosphorylation pattern of coated vesicle pro-
teins. Lanes 1-3: vesicles plus 0.01%, 0.005%, and 0.001%
polyethylenimine, respectively. Lane 4: vesicles plus 20 ,g of
poly(L-lysine). Lanes 5-8: vesicles plus 40 ,ug, 30 ,ug, 20 ,ug, and 10
,ug of poly(L-arginine), respectively. Lane 9: vesicles plus 20 ,ug of
poly(L-aspartate). Lane 10: vesicles plus 20 ,ug of poly(N'-
carbobenzoxy-L-lysine) [added in 10 Al of dimethyl sulfoxide, a
reagent that has no effect upon the assay (data not shown)]. Lane 11:
vesicles plus 90 ug of spermidine. Lane 12: vesicles plus 200 ,uM
L-lysine. Lane 13: vesicles plus 200 ,uM L-arginine.
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Table 1. Stimulation of phosphate incorporation into pp5O and
CAP2 by various effectors

32p, cpm
Effector Concentration ppSO CAP2

Polyethylenimine 1% (vol/vol) 552 828
0.1% 859 1463
0.01% 2870 1765
0.005% 3181 1464
0.001% 3676 189

Polylysine 27 JAM 1177 1756
20 ,uM 1061 1943
13.5 MM 1588* 1941*
6.8 ,uM 1508 1626
1.4 ,uM 2872 387

Polyarginine 9 ,uM 1107 260
7MuM 1060 301
4 ,uM 1122 246
2 MM 1081 287

None 3085 100
The lower incorporation at the higher concentrations of polyeth-

ylenimine and at all polyarginine concentrations tested is probably
due to the aggregation of the vesicles that occurred at these levels of
polymer. The concentrations of polylysine were calculated assuming
a Mr of 15,000, whereas those for polyarginine used an Mr of 40,000.
Incubations were for 3 min as described in Materials and Methods,
with the reaction started by addition of ATP. The data show
comparative values from a representative experiment. This set of
experiments was repeated three times with different vesicle prepa-
rations.
*This level of polylysine was chosen as the standard for future
studies and the observed decrease in incorporation of phosphate
into pp5O when compared with control vesicle incubations run
without polylysine addition was 55 ± 10%. To date, more than 50
determinations have been performed, using 20 different vesicle
preparations, all yielding results in this range.

incubation in the presence ofpolylysine with one in which the
specific activity of the ATP had been increased and no
effector added. Where no effector had been added, no
detectable incorporation of labeled phosphate in the CAP2
region was observed. Also, there was greater labeling of the
ppSO region and appearance of label in a broad band that
migrated to the bottom ofthe gel and in a narrow band around
Mr 70,000. This experiment suggests that phosphate is not
incorporated into CAP2 by coated vesicles unless a modula-
tor is present.

Identification of the M, 33,000 Protein Labeled by the
Polylysine-Stimulated Coated Vesicle Kinase as CAP2. Two-
dimensional PAGE of coated vesicles has shown no evidence
for the presence of a polypeptide other than CAP2 in the Mr
33,000 region, either on the basis of Coomassie blue staining
(11) or on the basis of autoradiography after electrophoresis
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FIG. 3. Autoradiograph showing the incorporation of phosphate
into various coated vesicle proteins in the presence of 20 ,ug of
poly(L-lysine) after 15 sec (lane 1), 30 sec (lane 2), 45 sec (lane 3), 1
min (lane 4), 2 min (lane 5), and 3 min (lane 6) of reaction.
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FIG. 4. Autoradiograph comparing coated vesicle proteins incu-
bated in the presence of 20 Mg of poly(L-lysine) with ATP at the
standard specific activity (1000 cpm/pmol) (lane 1) with vesicles
incubated with ATP at a specific activity of 10,000 cpm/pmol (lane 2).

of iodinated vesicle proteins (ref. 12 and unpublished data).
However, to investigate the possibility that the phosphate
was incorporated into another protein comigrating with
CAP2, we performed two different experiments. Fig. 5A
shows the Coomassie blue-staining pattern of untreated
coated vesicles and of the supernatant obtained after heating
(100C, 3 min) of labeled coated vesicles and subsequent
ultracentrifugation to remove denatured protein and mem-
branes. Lane 1 shows that, as expected (13), basically only
two polypeptides remained in the supernatant, CAP1 (M,
36,000) and CAP2 (Mr 33,000). The label is associated only
with CAP2 (Fig. SB). Additional evidence that CAP2 was the
principal substrate of the polylysine-stimulated kinase is
shown in Fig. 5C. When CAPs purified by heat treatment and
ultracentrifugation as above were added to the reaction
mixture containing polylysine, the incorporated label in the
Mr 33,000 region of the gel nearly doubled (14,400 cpm vs.
9300 cpm), whereas there was essentially no change in pp5O
labeling (5500 cpm vs. 5800 cpm) (see Fig. 5C, lanes 5 and 6).

In the same experiment, 13,600 cpm was incorporated into
pp5O in the absence ofpolylysine (Fig. 5C, lane 4). A decrease
in phosphate incorporation in the Mr 50,000 region of the gel
was consistently observed when polylysine was present in
the assay. Addition of polylysine to the incubation mixture
was accompanied by an increase in turbidity and the occa-
sional appearance of an additional labeled polypeptide mi-
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FIG. 5. Evidence that the labeled protein migrating at M, 33,000
is CAP2. (A) Coomassie blue-stained gel showing the supernatant
obtained after heat-treatment of coated vesicles (lane 1) and the
untreated coated vesicles (lane 2). (B) Autoradiograph showing the
region of the gel corresponding to lane 1 in A. (C) Autoradiograph
showing the results of adding CAPs to a coated vesicle incubation
mixture prior to addition of ATP. Lane 4: coated vesicles plus 17 A&g
of CAPs but no polylysine. Lane 5: coated vesicles plus 20 Mig
polylysine. Lane 6: coated vesicles, 20 Mig of polylysine, and 17 Mg
of CAPs.
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grating at Mr 53,000 (Fig. 2, lane 4). Detection of this band
seems to correlate specifically with the presence of
polylysine and not with the other polymers that can induce
CAP2 phosphorylation. The significance of this observation
awaits further study and improved resolution of these two
polypeptides. In the work presented here, all tabulated data
comparing phosphate incorporation into pp5O under different
conditions represent the total label incorporated into the Mr
50,000 region of the gel; thus, it is possible that phosphorylation
of two (or more) polypeptides may contribute to these values.

DISCUSSION
An important mechanism by which neuronal cells regulate
specific processes in response to changes in their environ-
ment is protein phosphorylation (14, 15). The putative role of
ATP in coated vesicle formation and/or function is far from
being thoroughly understood. Several laboratories have re-
ported the presence of a protein kinase activity in coated
vesicles that appears-to be specific to these organelles (1-4).
Recently, additional roles for ATP in vesicle function have
been postulated, including the generation of apH gradient via
a vesicle-associated proton pump (10, 16), the disassembly of
the clathrin lattice (17, 18), and possibly in the recruitment of
clathrin to form the coated vesicle (19).
Coated vesicles prepared in our laboratory without addi-

tion of protease inhibitors and using a Sephacryl S-1000
column buffer containing 20 mM Mes (pH 6.5), 0.15 M NaCl,
1 mM EGTA, and 7 mM 2-mercaptoethanol exhibited a
casein kinase activity that did not require the presence of
either histone or polylysine for its expression, in contrast to
the kinase activity of the vesicles prepared by the protocol
used in this study. This point is worth emphasizing because
several laboratories have utilized exogenous substrates to
investigate the properties of coated vesicle-associated
kinases and have obtained results differing from ours (20, 21).
Both groups have observed phosphorylation of phosvitin by
their vesicle preparations, whereas we do not observe phos-
phorylation of this protein unless histone type II-AS or
polylysine is added concurrently (Fig. 1). This difference may
be explained by the differing protocols used by these labo-
ratories to prepare and assay their vesicle preparations, since
it is known that the coat structure is sensitive to high sucrose
concentrations during centrifugation (22) and that the change
in specificity of the vesicle kinase described in this report is
correlated with an increase in turbidity suggestive of aggre-
gation. Polyethylene glycol (Mr 3700) at 10% (wt/vol) final
concentration did not induce CAP2 phosphorylation (data not
shown). The different preparation protocols and the presence
of polylysine may result in alterations of coat and/or vesicle
structure allowing access of the exogenous substrate to the
enzyme. Usami et al. (20) did not observe labeling of added
histone or protamine, although they did mention the appear-
ance of a faintly labeled band at Mr 32,000 and a decrease in
pp5O labeling. Alternatively, the variable presence of
phosphatases in the different vesicle preparations may
change the observed extent and distribution of label.
The effect of the various commercially obtained histone

fractions upon vesicle kinase activity seems to correlate with
the presence of lysine-rich histone in these preparations. The
histone type VIII-S, which is arginine-rich, behaved much
like polyarginine, in that it produced an overall decrease in
total incorporation of label, with the appearance of some
label in the CAP2 region of the gel. The observed effects of
polylysine and polyarginine suggest that charge effects alone
cannot be causing the observed shift in phosphorylation,
since polylysine and polyarginine should both be positively
charged under the assay conditions (pH 7.5). Addition of
either polymer results in increased turbidity, which suggests
that aggregation per se is not alone responsible for the change

in phosphorylation pattern. More recent results from our
laboratory have shown that polylysine must be of Mr >
14,000 to be effective and that a similar kinase activity is
present in coated vesicles prepared from heart (unpublished
observations).
The very obvious labeling ofpp5O under the standard assay

conditions, its presence in all species of coated vesicles
studied to date (1-5), and the demonstration of its association
in a complex that can stimulate assembly of the clathrin
triskelion under physiological conditions of pH and ionic
strength (6) all suggest an important regulatory role for this
protein. Nevertheless, to date there has been no demonstra-
tion that phosphorylation plays a role in modifying the
interaction of this protein with either clathrin or Mr 100,000
proteins associated with ppSO. An interaction between pp5O,
which appears to be its own kinase (5), and the CAPs
apparently can occur, since increased phosphorylation of
pp5O has been observed when purified CAPs were added to
a partially purified assembly-polypeptide preparation (7). We
were unable to demonstrate an effect of CAPs upon ppSO
phosphorylation in coated vesicles under our assay condi-
tions, which use ATP of =90% lower specific activity. This
difference between our work and that reported by Pauloin
and Jolle (7) could be ascribed to the difference in specific
activities of the ATP used and the fact that our studies were
done with intact coated vesicles and theirs with a partially
purified enzyme preparation. Their observation suggested
that ppSO phosphorylation may be influenced by the envi-
ronment and that the CAPs may play a role in the interaction
of the assembly-polypeptide complex with the triskelion. Yet
there is no defined role for this phosphorylation system in
coated vesicle formation and/or function. Our results expand
the apparent complexity of the phosphorylation mechanisms
operational in coated vesicles and amplify the potential
importance of CAPs in coated vesicle formation and/or
function.
The addition of polybasic compounds has an effect upon a

number of protein kinases (23-25). Polyarginine inhibits the
activity ofprotein kinase C, ofmyosin light chain kinase, and,
though less effectively, ofboth cAMP- and cGMP-dependent
kinases (25). Polyglutamate had no effect upon the activity of
protein kinase C and myosin light chain kinase; it is an
inhibitor of the cAMP- and cGMP-dependent kinases (25).
Spermidine was shown to inhibit the Ca2l-dependent kinases
but not to affect the activity of the cyclic nucleotide-
dependent enzymes (23). In contrast, casein kinase II, a
protein kinase with no known regulatory cofactors, was
shown to be stimulated by polybasic compounds, including
spermidine (25).
Our data suggest that the CAP2 kinase activity was not

related to any of the above systems, since we observed no
inhibition with polyaspartate, no effect of spermidine, and
varying stimulation by polylysine, polyethylenimine, and
polyarginine. Also, none of the modulators of these various
kinases affected CAP2 kinase activity (data not shown). Our
data are consistent with the pp5O kinase activity playing a role
in CAP2 phosphorylation, ifwe assume that the pp5O labeling
is autocatalytic and that CAP2 is a substrate, since the overall
phosphate incorporation increased somewhat with a concom-
itant decrease in pp5O labeling. Sequential addition of ATP
followed by polylysine demonstrated that the pp5O is not an
intermediary form capable of transferring its phosphate to
CAP2 (data not shown), but independent phosphorylation
sites are not ruled out. Alternatively, our data also are
consistent with a single kinase utilizing both pp5O and CAP2
as substrates. However, preliminary experiments utilizing
inhibitors that block either pp5O or CAP labeling suggest that
these activities are the result of independent kinases (unpub-
lished observations). The final resolution of this problem
must await purification and characterization of the kinase(s).

Proc. Natl. Acad. Sci. USA 82 (1985)
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The demonstration of CAP2 phosphorylation offers excit-
ing possibilities for the regulation of clathrin assembly/dis-
assembly and coated vesicle-organellar interactions, since
the CAPs are known to protrude from the surface of the
coated vesicle (26) and may play a role in triskelion
assembly/disassembly (27, 28). The requirement for a non-
vesicle-associated effector suggests that cytosolic compo-
nents may be found that can produce the same effect as
polylysine or histones and regulate phosphorylation ofCAP2.

Note Added in Proof. Recently, Usami et al. (29) described the
phosphorylation of CAP2 in the presence of histones.

We are indebted to Dr. Walter Silva for helpful discussions, to
Carlo Parker and Vitaly Bentsianov for skillful technical assistance,
and to John Morgan for editing and preparing this manuscript. This
work was supported by National Institutes ofHealth Grants NS19025
(to W.J.S.) and NS12467 (to S.P.).

1. Kadota, K., Usami, M. & Takahashi, A. (1982) Biomed. Res.
3, 575-578.

2. Pauloin, A., Bernier, I. & Jolle, P. (1982) Nature (London) 298,
574-576.

3. Moskowitz, N., Glassman, A., Ores, C., Schook, W. &
Puszkin, S. (1983) J. Neurochem. 40, 711-718.

4. Pfeffer, S. R., Drubin, D. G. & Kelly, R. B. (1983) J. Cell Biol.
97, 40-47.

5. Campbell, C., Squicciarini, J., Shia, M., Pilch, P. F. & Fine,
R. E. (1984) Biochemistry 23, 4420-4426.

6. Zaremba, S. & Keen, J. H. (1983) J. Cell Biol. 97, 1339-1347.
7. Pauloin, A. & Jolles, P. (1984) Nature (London) 311, 265-267.
8. Laemmli, U. K. (1970) Nature (London) 227, 680-685.
9. Lowry, 0. H., Rosebrough, N. J., Farr, A. L. & Randall,

R. J. (1951) J. Biol. Chem. 193, 265-275.
10. Stone, D. K., Xie, X.-S. & Racker, E. (1983) J. Biol. Chem.

258, 4059-4062.
11. Wiedenmann, B., Lawley, K., Grund, C. & Branton, D. (1985)

J. Cell Biol. 101, 12-18.

12. Pfeffer, S. R. & Kelly, R. B. (1981) J. Cell Biol. 91, 385-391.
13. Lisanti, M. P., Shapiro, L. S., Moskowitz, N., Hua, E. L.,

Puszkin, S. & Schook, W. (1982) Eur. J. Biochem. 125,
463-470.

14. Nestler, E. J. & Greengard, P. (1984) Protein Phosphorylation
in the Nervous System (Wiley, New York) p. 1984.

15. DeLorenzo, R. J., Freedman, S. D., Yo, W. B. & Maurer, S.
(1979) Proc. NatI. Acad. Sci. USA 76, 1838-1842.

16. Forgac, M., Cantley, L., Wiedenmann, B., Altstiel, L. &
Branton, D. (1983) Proc. Natl. Acad. Sci. USA 80, 1300-1303.

17. Schmid, S. L., Braell, W. A., Schlossman, D. M. & Rothman,
J. E. (1984) Nature (London) 311, 228-231.

18. Schlossman, D. M., Schmid, S. L., Braell, W. A. & Rothman,
J. E. (1984) J. Cell Biol. 99, 723-733.

19. Salisbury, J. L., Condeelis, J. S., Maihle, N. J. & Satir, P.
(1981) Cold Spring Harbor Symp. Quant. Biol. 46, 733-741.

20. Usami, M., Takahashi, A. & Kadota, K. (1984) Biochim.
Biophys. Acta 798, 306-312.

21. Pauloin, A., Loeb, J. & Jolles, P. (1984) Biochim. Biophys.
Acta 799, 238-249.

22. Nandi, P. K., Irace, G., VanJaarsveld, P. P., Lippoldt, R. E.
& Edelhoch, H. (1982) Proc. Natl. Acad. Sci. USA 79,
5881-5885.

23. Qi, D.-F., Schatzman, R. C., Mazzei, G. J., Turner, R. S.,
Raynor, R. L., Liao, S. & Kuo, J. F. (1983) Biochem. J. 213,
281-288.

24. Hathaway, G. M. & Traught, J. A. (1984) Arch. Biochem.
Biophys. 233, 133-138.

25. Gill, G. N., Monken, C. E. & Walton, G. M. (1981) Cold
Spring Harbor Conf. Cell Proliferation 8, 251-265.

26. Lisanti, M. P., Schook, W., Moskowitz, N., Ores, C. &
Puszkin, S. (1981) Biochem. J. 201, 297-304.

27. Lisanti, M. P., Schook, W., Moskowitz, N., Beckenstein, K.,
Bloom, W. S., Ores, C. & Puszkin, S. (1982) Eur. J. Biochem.
121, 617-622.

28. Schmid, S. L., Matsumoto, A. K. & Rothman, J. E. (1982)
Proc. Natl. Acad. Sci. USA 79, 91-95.

29. Usami, M., Takahashi, A., Kadota, T. & Kadota, K. (1985) J.
Biochem. (Tokyo) 97, 1819-1822.

Cell Biology: Schook and Puszkin


