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Synaptophysm a substrate for the proteln tyrosme kinase pp60°'“in

intact synaptic vesicles
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Expression of ppw-'" the first well defined proto-
oncogene product, is developmentally regulated and
tissue-specific, with neuronal tissues displaying high
- amounts of the c-src encoded pp60-"" kinase activity. In
the central nervous system pp60°™° is preferentially
expressed in regions characterized by a high content of
grey matter and elevated density of nerve terminals. In
this study we show for the first time a direct inwrmmn.
between pp60”** and synaptophysin as a physiolc

target protein in neurons by demonstrating that

nous pp60°™ is able to phosphorylate smptoykysin

(ﬂslpﬁsxmmrmﬁtmofﬁesmpmveﬁde )
exocytosis of small sympnc vesides and possibly small

clear vesicles in neuroendocrine cells.

Introduction

The cellular homologue of the viral src oncogene (v-src)
of Rous sarcoma virus, the proto-oncogene, c-src is
structurally highly conserved during evolution and has
~ been demonstrated to be present and expressed for the
_ first time in phylogenems in the most primitive multicel-
~ lular animals, the sponges (Barnekow & Schartl, 1984).
- A similarly well conserved expression pattern, with
- highest levels of pp60~* kinase activity found in neural
~ cells in all animals tested e.g. Hydra, insects, amphioxus,
lampreys, sharks, bony fish, amphibians, birds and
mammals, points to a very basic physiological function
for this enzyme within this cell type (Schartl et al., 1989;
Schartl & Barnekow, 1984). During ontogenesis it has

kmase activity is faund pwfbren*haﬂy in past-rmtotm
he

‘'mRNA and of the gene product indicated that the
protein is translocated to the processes of the nerve ter-
minals aﬁer t;:ansiatmn (Maness et al, 1988 Raulf et

Compondm Bamekow ; : .
dr bt._.-Exp Tumorbmlom Umvmsity ol Mimster,

(Pang et al., 1988a, b). The 38 kD protein was identified

(Walaas et al., 1988] A comparatwe luca!izanon of c-src

pp6O=—™* conta:uung an insertion of six amino acids
within its amino terminal domain (Levy et al, 1987;

LeBeau et al, 1987; Martinez et al., 1987) is prefetn
~ entially detected in membranes of ncural growth cones
~and processes, leading to the suggestmn of its possible
 role in growth cone-mediated neurite extension (Maness
et al., 1988). The phymoiogwai function of pp60™" is,

however, still obscure. Since it is widely acc
exerts its biological effects via tyrosine phosph

- of specific cellular proteins, these target proteins need to
~ be identified in order to obtain a better undmaadmgk

of the molecular mechanism of pp60°* function.

Recently, four major tyrosine-containing
phoproteins with apparent molecular masses of 135
38, and 30kD were described in synaptic vcsmlcs,
exocytotic organelles of nerve terminals that store a
release neurotransmitters upon electrical stimulat

as synaptophysm (p38), a well characterized integral
membrane protein of small synaptic vesicles (Jahn et al.,
1985). Furthermore, it was shown by subcellular f:wr -

tionation of rat neocortex that crude synaptic vesicle

fractions were highly enriched for pp60°™, whercas

other fractions, in particular the cytosol and mitochon-
drial fractions contained only low levels (Hirano et al,
1988). However, no experimental data exist whether the
vesicular pp60°* is the tyrosine kinase responsible f for
synaptophysin phosphorylation or whether other, yet
unidentified kinases are involved. Using highly pu;‘ifwd

synaptic vesicles from rat brain, we present here evi-

dence that synaptophysm is a substrate for the endoge»-;
nous protein tyrosine kinase pp60- present in intact
synapuc vesicles.

. been demanstrated n_various spemcs that pgéo"‘" e L

-'Synapne veszcles d;sp!ay ppeO°~*e spec;ﬁc zyrosane kinm

activity

To test whe{her pp60“" is spcc:ﬁcally assocxated wnh‘ .
-'synapnc veswles, 1ts dxstnbutwn was momtored in sub—

to the procedure described by Hell et al. cmploymg as
 the last purification step a chromatography on
controlled-pore glass beads (Hell et al., 1988). This pro-
‘cedure y;etds a vesicle fraction, which is free from con-

tamination by other cellular membranes. Aliquots of
fractions were used for immunoprecipitation, using
three different antibodies known to react with rat
pp60°*™ and subsequently the kinase assay was per-

-formed essentially as described (Schartl & Barnekow,

1982). In parallel, the preparations of synaptic vesicles

were routinely analysed for synaptophysin as described
m I-lell et aI (1988). Htghest pp60""" klnase actmrf was





















