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Synthesis of the Mammalian Synaptic Vesicle Protein Synaptophysin
in Insect Cells: A Model for Vesicle Biogenesis
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The N-glycosylated integral membrane protein syn-
aptophysin is one of the major polypeptide compo-
nents of small presynaptic transmitter-containing ves-
icles in neurons and of similar vesicles in neuroendo-
crine cells of mammals. Functional properties,
including a possible participation in channel forma-
tion, have been investigated by integration of purified
synaptophysin into planar lipid bilayers. To overcome
some of the inherent limitations of such an in vitro
approach we have overexpressed the rat synaptophy-
sin cDNA in nonneuronal, non-neuroendocrine insect
cells with the help of recombinant baculovirus. The
complete polypeptide was produced in infected ovar-
ian Sf9 cells at levels exceeding those observed in rat
brain. The partially N-glycosylated molecules could be
extracted from membranes with non-ionic detergents,
most effectively with n-octyl--p-glucopyranoside, and
could be enriched on chromatofocusing columns. By
immunoelectron microscopy synaptophysin was
shown to be integrated in the correct orientation into
the endoplasmic reticulum, various pleomorphic vesi-
cles and the plasma membrane. Using cell fraction-
ation, including density gradient centrifugation and
immunoisolation, we characterized distinct synapto-
physin-rich vesicles. These vesicles may help to under-
stand molecular principles of vesicle biogenesis in gen-
eral and the function of synaptophysin in particular.
© 1996 Academic Press, Inc.

INTRODUCTION

The biogenesis and repetitive recycling of presynap-
tic transmitter-containing vesicles must be controlled
by extremely reliable and efficient mechanisms in order
to maintain an extraordinary compositional specificity
while allowing rapid exocytotic transmitter release and
reformation of functional synaptic vesicles. We are try-
ing to understand the role of synaptophysin in the life
cycle of these vesicles as it has been identified as one
of their major integral membrane components [1, 2].

1 To whom correspondence and reprint requests should be ad-
dressed. Fax: ++49-6221-423404.
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Synaptophysin belongs to a group of related polypep-
tides that includes, in addition to the other neuron-spe-
cific member synaptoporin (also referred to as synapto-
physin 11), the ubiquitously expressed pantophysin [3—7].
Common features of these polypeptides are four highly
conserved hydrophobic, putative transmembrane do-
mains, variable cytoplasmic termini, and intravesicular
loops containing conserved cysteine residues and an N-
glycosylation site [3—9]. It has been shown that synapto-
physin and synaptoporin form homooligomers [6, 9, 10]
and that synaptophysin is phosphorylated on serine and
tyrosine residues [11-13].

Reagents specific for synaptophysin are reliable
markers for neuronal and neuroendocrine (NE)? differ-
entiation as it is an obligatory component of small elec-
tron-translucent (SET) secretory vesicles in these cell
types [2, 14—17] suggesting a crucial contribution of
this molecule to the biogenesis and function of such
specialized membrane structures. This notion is fur-
ther supported by the observations that synaptophysin
induces the formation of a distinct SET vesicle type in
cDNA-transfected epithelial cells [8, 18; for results in
other cells see 16, 17, 19, 20], that purified synaptophy-
sin forms voltage-sensitive pores in lipid bilayers [10],
that synaptophysin antisense oligonucleotides or syn-
aptophysin antibodies inhibit transmitter release [21,
22], and that a large proportion of synaptophysin is
tightly associated with the v-SNARE synaptobrevin
[23—25]. On the other hand, ablation of synaptophysin
in mice [26] does not result in significant phenotypic
alterations.

We describe now the expression of synaptophysin in
ovarian-derived insect cells with the help of recombi-
nant baculovirus and report the purification of a dis-
tinct synaptophysin-rich vesicle type from these cells.
This cell system should be a valuable tool to examine
the role of synaptophysin and synaptophysin mutants

2 Abbreviations used: BRSY, recombinant baculovirus containing
the rat synaptophysin cDNA,; hpi, hours after infection; kb, kilobase
pairs, i.e., 1000 bp; NE, neuroendocrine; SDS, sodium dodecyl sul-
fate; SDS—PAGE, SDS-polyacrylamide gel electrophoresis; SET,
small electron translucent; TCA, trichloroacetic acid.
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FIG. 1. Detection of synaptophysin in insect cells infected with

the synaptophysin gene containing baculovirus BRSY. (a) Immuno-
fluorescence microscopy using monoclonal antibody SY38 and Texas
red-coupled secondary antibodies. Cells were grown for 36 hpi on
poly-L-lysine-coated glass coverslips and fixed with methanol/ace-
tone. Note the multipunctate cytoplasmic staining with pronounced
perinuclear accumulation. Bar, 2 yum. (b) Immunoblot detection of
synaptophysin in postnuclear supernatant fractions obtained from
rat brain (lane 1), from Sf9 cells either 72 hpi (lane 2) or 48 hpi (lane
3), and from High-5 cells 48 hpi (lane 4). Proteins (20 ug in each
lane) were separated by 12% SDS—PAGE and synaptophysin was
detected by monoclonal antibody SY38 and the alkaline phosphatase
system. (c, d) Detection of synaptophysin produced either in vitro by
transcription—translation in the presence (c, lane 1) and absence of
pancreatic microsomes (c, lane 2) or synthesized in vivo from BRSY-
infected Sf9 cells (48 hpi; 20 pg protein from S1 fractions in lanes 1,
2 of d) and from the endogenous synaptophysin gene in NE PC12
cells (20 pg protein from S1 fractions in lanes 3, 4 of d). Cells were
grown in either the absence (d, lanes 1 and 3) or presence (d, lanes
2, 4) of 1 pg/ml tunicamycin 24 h prior to harvesting. Products were
visualized by autoradiography (c) or by immunostaining of postnu-
clear supernatant fractions that were separated by 12% SDS—-PAGE
and reacted after electrotransfer onto nitrocellulose with monoclonal
antibody SY38 and alkaline phosphatase-coupled secondary antibod-
ies using the alkaline phosphatase detection system (d). The relative
positions of coelectrophoresed size markers are indicated by arrow-
heads on the left margin of b (from top to bottom BSA, M, 66,000;
ovalbumin, M, 45,000; glyceraldehyde-2-phosphate dehydrogenase,
M, 36,000). Note that the aglycon comigrates in all instances (dot).

for the biogenesis and functional properties of special
cytoplasmic vesicles.

MATERIALS AND METHODS

Cell lines. NE rat pheochromocytoma cells of line PC12 (ATCC
CRL 1721) were cultured as described [15]. Insect cells from either

Spodoptera frugiperda [lines Sf9 (kindly provided by Hanswalter
Zentgraf, German Cancer Research Center, Heidelberg, FRG) and
High 5 (Invitrogen, San Diego, CA] or Trichoplusia ni [line Sf21
(Invitrogen)] were grown at 28°C in TNM-FH medium (Sigma, St.
Louis, MO) that was supplemented with 10% fetal calf serum (ICN
Biomedicals GmbH, Meckenheim, FRG). Cells were passaged as
monolayers in plastic vessels under standard conditions [27, 28]. In
some instances tunicamycin (Sigma) was added to cultures at 1 g/
ml for up to 2 days.

Production of recombinant baculovirus and infection of cultured
insect cells. The rat synaptophysin cDNA was excised from plasmid
pSR® [8] by linearization first with Hindl11 and blunt end formation
using T4 DNA polymerase followed by restriction with Notl. The 1-
kb insert fragment was cloned next to the polyhedrin promoter of
the transfer vector pVL 1393 (Invitrogen) that was linearized with
BamHlI, treated with T4 DNA polymerase, cleaved with Notl, and
dephosphorylated with calf intestinal phosphatase. Two micrograms
of purified DNA of the resulting plasmid pBSR1 were cotransfected
with 1 pg wild-type baculovirus DNA (Autographa californica nu-
clear polyhedrosis virus; kindly provided by Hanswalter Zentgraf).
The DNAs were suspended in 0.75 ml buffer (25 mM Hepes (pH 7.1),
140 mM NacCl, 25 mM CacCl,) and added dropwise to 1 x 10° Sf9
cells during their logarithmic growth phase in a 12-cm? petri dish
with 0.75 ml culture medium. After 4 h incubation at 28°C cells were
washed two times with TNM-FH medium and grown for another 5—
8 days until multiple nuclear polyhedra and extensive cell lysis were
visible. The culture supernatant was saved and tested for the pres-
ence of virus that had taken up the synaptophysin gene by recombi-
nation with the polyhedrin gene. Therefore, virus-containing super-
natants were diluted 102 to 1072 in culture medium and added to
Sf9 cells growing in wells (2 x 10* cells per well) of a 96-well culture
dish. Three to 4 days after infection, culture supernatants were
transferred to a new multiwell culture dish and stored at 4°C. The
remaining cells in each well were lysed in 200 pl 0.5 M NaOH, neu-
tralized with 20 ul 10 M ammoniumacetate, and 100 pl of this solu-
tion was blotted onto nitrocellulose membranes using a dot blot appa-
ratus (Schleicher & Schull, Dassel, FRG). The filter-bound samples
were hybridized under stringent conditions to the Hindlll/BamHI
synaptophysin insert fragment of clone pSR® [8] that had been radio-
actively labeled by random oligonucleotide-directed priming [29]. The
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FIG. 2. Immunoblot detecting synaptophysin with monoclonal
antibody SY38 and the alkaline phosphatase system in detergent-
treated fractions from BRSY-infected Sf9 cells 72 hpi. Postnuclear
supernatants were centrifuged at 100,000g for 1 h at 4°C and the
pellet fractions were treated overnight with 1% Triton X-100 (lanes
1, 2), 1% NP-40 (lanes 3, 4), 1% n-octyl-g-p-glucopyranoside (lanes
5, 6), or 1% Chaps (lanes 7, 8). After extraction the solutions were
recentrifuged at 100,000g for 1 h at 4°C and protein contained in
equivalent amounts of either the resulting supernatant fractions
(lanes 1, 3, 5, 7) or pellet fractions (lanes 2, 4, 6, 8) were separated
by 12% SDS—PAGE prior to immunoblotting. Positions of coelectro-
phoresed size markers are shown on left by arrowheads (from top to
bottom: ovalbumin, M, 45,000; glyceraldehyde-2-phosphate dehydro-
genase, M, 36,000; carbonic anhydrase, M, 29,000).
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FIG. 3. Detection of synaptophysin in eluates from a chromatofo-
cusing column. Proteins contained in 100,000g pellets of S1 fractions
from BRSY-infected Sf9 cells (72 hpi) were solubilized in 1% Triton-
X 100 and the resulting nonpelletable material was applied to a
chromatofocusing column. (a) ELISA detecting synaptophysin immu-
noreactivity (absorption measured at 405 nm on left ordinate,
squares) in eluting fractions. Absorption of the eluate was monitored
at 280 nm with a flow through photometer (+, left ordinate with
arbitrary scale) and the pH was determined in every fourth 2.5-ml
fraction (stars; right ordinate). Note that the bulk of synaptophysin is
detected in the pH range 4.8 to 3.8. (b) Silver staining of polypeptides
contained in selected synaptophysin-containing peak fractions of a
chromatofocusing column (see a) after separation by SDS—PAGE.

supernatants from cells showing a positive hybridization signal were
subjected to further rounds of dilution and hybridization until no
polyhedrin bodies were seen in infected cells. These supernatants
containing recombinant virus BRSY were used for large-scale pro-
duction of synaptophysin in infected insect cells.

Immunofluorescence and immunoelectron microscopy. Immunolo-
calization of synaptophysin by monoclonal antibody SY38 [2] or af-
finity-purified synaptophysin antibodies from rabbit [18] by immuno-
fluorescence microscopy of methanol/acetone-treated cells and immu-
noelectron microscopy has been described [2, 18]. For electron
microscopy detergent treatment was omitted in some instances of
partially lysed cells.

Subcellular fractionation of synaptophysin-containing membranes.
Cells or minced small tissue pieces were lysed in hypotonic buffer H
(10 mM triethanolamine acetic acid (pH 7.4), 1 mM EGTA, 1 mM
EDTA, 0.1 mM DTT, and 0.2 mM phenylmethylsulfonyl fluoride) and
homogenized in a tight-fitting Dounce homogenizer by 20 to 30 up
and down strokes. Centrifugation at 800g for 5 min yielded postnu-
clear supernatant S1. For further enrichment of synaptophysin-con-
taining vesicles S1 supernatant [500 ug protein as determined with
the Bradford reagent (Bio-Rad, Hercules, CA)] was loaded onto an
11-ml linear sucrose gradient (15—60% in buffer H). After centrifuga-
tion at 270,000g at 4°C for 160 min in a SW 40 rotor (Beckman,
Palo Alto, CA), 600-ul fractions were collected from top to bottom.
Synaptophysin content was determined by ELISA as described re-
cently [18, 28].

For analysis of detergent solubility of synaptophysin, postnuclear
S1 supernatants were centrifuged at 100,000g for 1 h at 4°C and the
resulting pellets were treated with different detergents [Triton X-
100 (Serva, Heidelberg, FRG), NP-40 (Fluka, Buchs, Switzerland),
n-octyl-3-p-glucopyranoside (Sigma), Chaps (Sigma)] each at 1% (w/
v) in buffer H supplemented with protease inhibitors (2 ug/ml E64
(Sigma), 40 pg/ml bestatin (Boehringer), 1 uM pepstatin (Boeh-
ringer), and 0.2 mM phenylmethylsulfonyl fluoride) overnight at 4°C
under constant agitation. The solution was again centrifuged at
100,000g for 1 h at 4°C, and supernatant and pellet fractions were
analyzed by SDS—PAGE and immunoblotting [cf. 8, 18].

Synaptophysin-containing vesicles were immunoisolated from
cells that were metabolically labeled [1 h, 200 uCi Tran®S-Label
(ICN Biomedicals GmbH) with 6 ml methionine-deficient medium
(Excell 401 from Sera-lab, Crawley Down, UK) per 10-cm-diameter
petri dish]. Approximately 4 X 10° magnetic particles coated with
sheep anti-mouse 1gG1 (Dynabeads M-280; Dynal, Hamburg, FRG)
were preadsorbed for 1 h in 5 ml isolation buffer IB (PBS containing
10 MM EGTA, 0.1% BSA, and 10 mg/ml L-a-phosphatidylcholine type
XVI-E from Sigma) supplemented with 1 ml postnuclear supernatant
of noninfected, nonlabeled Sf9 cells, washed three times with IB, and
coupled to monoclonal synaptophysin antibody SY38 [2] by incuba-
tion with 2 ml SY38 hybridoma together with 2 ml IB for 1-2 h.
After several washes in 1B, beads were resuspended in 5 ml 1B,
mixed with 2.5 ml of synaptophysin-containing sucrose gradient frac-
tions (see above) that had been prepared from labeled cells, and
incubated for 1 h. Immune complexes were washed several times
with 1B, including a short high-salt wash with 1 M KCI in 1B, and
the immunoisolated material was analyzed by immunoblotting and
autoradiography after SDS—PAGE.

Chromatofocusing. Postnuclear S1 supernatants were prepared
(see above) and centrifuged at 100,000g for 1 h at 4°C. The resulting

(c) Immunoblot detection of synaptophysin in fractions correspond-
ing to those shown in (b) by monoclonal antibody SY38 and the
alkaline phosphatase system. Arrowheads in (b, c) show position
of coelectrophoresed size markers (from top to bottom: M, 67,000;
45,00; 36,000; cf. Fig. 1); B in (b,c) rat brain postnuclear superna-
tant fraction.
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FIG. 4. Survey electron micrographs of representative cytoplasmic regions in Sf9 cells 36 h after infection with either recombinant,
synaptophysin-expressing baculovirus BRSY (a) or with wild-type baculovirus (b). Note the presence of virus particles (arrowheads) and
multiple vesicles of various shape and size in both micrographs. Bars, 1 pm.

pellet was resuspended and proteins were solubilized by shaking
overnight at 4°C in column loading buffer [25 mM sodiumsuccinate
(pH 6.2), 2 MM EDTA, 2 mM EGTA, 2 mM DTT] supplemented with
1% Triton X-100. The solution was again centrifuged at 100,000g for
1 h at 4°C and 7 ml of the supernatant (3 mg protein/ml) were applied
to a 0.7 X 17 cm chromatofocusing column (Polybuffer Exchanger
94, Pharmacia, Uppsala, Sweden) that had been equilibrated with
200 ml column loading buffer containing 1% Triton X-100. Polypep-
tides were eluted with Polybuffer 74-HCL, pH 3.8 (Pharmacia), that
had been diluted 1:8 in H,O in the presence of 0.1% (w/v) Triton
X-100 and protease inhibitors (see above). Fractions (2.5 ml) were
collected and tested for their relative content of synaptophysin by
ELISA. Polypeptides were concentrated by TCA precipitation [cf. 18],
separated by SDS—PAGE, and detected by silver staining [30].

In vitro transcription and translation. In vitro transcription and
translation was performed as described using T3 RNA polymerase
and Hindlll-linearized plasmid pSR® [8]. In some experiments pan-
creatic microsomes (Promega) were added to the in vitro translation
reaction following the procedures suggested by the manufacturer.
The products were separated by SDS—PAGE and labeled proteins
were visualized by autoradiography of dried gels.

RESULTS AND DISCUSSION

Overexpression of rat synaptophysin in insect cells.
To examine the distribution of synaptophysin in nonepi-
thelial, non-NE ovarian insect cells we constructed and
produced the synaptophysin gene-containing baculovi-
rus BRSY that was enriched by several rounds of dilu-
tion and nucleic acid screening of infected Sf9 cells. In
immunofluorescence microscopy a strong perinuclear
staining was noticed that could be resolved as multiple
cytoplasmic dots in the cell periphery of BRSY-infected
cells (Fig. 1a). For optimization of expression, several
insect cell lines were tested for synaptophysin content
after infection with BRSY at different time points. The
immunoblot in Fig. 1b shows that the highest synapto-
physin level was detectable two days after infection in
Sf9 cells (Fig. 1b, lane 2) which was severalfold higher

than that seen in rat brain homogenates (compare Fig.
1b, lanes 1 and 2).

Biochemical characterization and enrichment of syn-
aptophysin produced in Sf9 cells. In insect cells in-
fected with recombinant baculovirus BRSY several im-
munoreactive polypeptide bands were detected in im-
munoblot analyses (Fig. 1b) which could be attributable
to posttranslational modification. Therefore, infected
cells and NE PC 12 cells were treated in parallel with
tunicamycin resulting in the disappearance of the
higher-molecular-weight immunoreactive bands and
the concommitant increase of a lower-molecular-weight
species comigrating with synaptophysin generated in
vitro from the cloned cDNA (compare Figs. 1c and 1d).
This demonstrates that a significant proportion of syn-
aptophysin is N-glycosylated in infected insect cells.

To further examine the biochemical properties of
synaptophysin produced in insect cells, membrane pel-
lets were prepared from postnuclear supernatants from
BRSY-infected cells and treated with various non-ionic
detergents. The comparison of several detergents
showed that synaptophysin could be extracted from
membranes most efficiently with n-octyl-S-p-glucopyr-
anoside (Fig. 2).

By isoelectric focusing it has been estimated pre-
viously that synaptophysin has a very low pl of about
4.8 with several isoelectric variants [2]. We therefore
fractionated solubilized synaptohysin from infected in-
sect cells on a chromatofocusing column and could show
that it elutes in the expected pH range between 3.8
and 4.8 (Fig. 3a). This procedure could be used to enrich
synaptophysin sufficiently to detect it by silver staining
(Fig. 3b and corresponding immunoblot in Fig. 3c).

Microscopical localization of synaptophysin in in-
fected insect cells. Sf9 cells infected either with BRSY
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FIG.6. Comparison of synaptophysin distribution in sucrose gra-
dient fractions of BRSY-infected Sf9 cells 72 hpi (a) and NE PC12
cells (b) by ELISA. Postnuclear (800g) supernatants were layered
on top of 15-60% linear sucrose gradients. After centrifugation at
270,000g for 160 min in a SW 40 Ti rotor (Beckman) 600-ul fractions
were collected from top (fractions numbered 1) to bottom (fractions
numbered 20) and absorbance at 280 nm was recorded (squares; an
arbitrary scale is given on left ordinates). The sucrose concentration
in each fraction was determined with an Abbé refractometer (stars;
given here as w/v % on the right ordinates). The relative synaptophy-
sin concentration was determined with an ELISA measuring the
absorbance at 405 nm (+; scales on left ordinates denote observed
ODs at 405 nm).

or with wild-type baculovirus were compared by elec-
tron microscopy (Fig. 4). In both instances many vesicu-
lar profiles of different diameter were seen in the cyto-
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FIG. 7. Detection of synaptophysin in immunoisolated vesicles.

Subconfluent Sf9 cells (three 10-cm culture dishes in each experi-
ment) were infected with either recombinant virus BRSY (lanes 2
and 2’) or wild-type Baculovirus (lanes 3 and 3') or not infected at
all (lanes 4 and 4’). Cells were metabolically labeled with 300 nCi
Tran®*S-Label per culture dish for 1 h in methionine-deficient me-
dium and synaptophysin-containing vesicles were isolated from su-
crose gradient fractions 14 and 15 (see Fig. 6a) with SY38 antibody
bound to magnetic beads. The adsorbed polypeptides were separated
by 12% SDS-PAGE, blotted onto nitrocellulose, and again reacted
with monoclonal antibody SY38. Lane 1 contains postnuclear super-
natant from rat brain as a positive control. Note the detection of
synaptophysin only in cells infected with recombinant BRSY (lane
2). The upper bands show the immunoglobulin heavy chains detected
by the secondary antibody. The position of the molecular weight
markers of M, 66,000, 45,000, and 36,000 (for details see Fig. 1b)
are indicated on the left. The immunoblot was then subjected to
autoradiography (lanes 1’'—4"). Note abundance of synaptophysin in
lane 2" which corresponds exactly to the synaptophysin immunosig-
nal in lane 2. Most of the other labeled molecules were adsorbed
nonspecifically to the particles as they are also seen in the negative
controls (lanes 3’ and 4').

plasm with no apparent enrichment of a particular ves-
icle type. To identify the synaptophysin-containing
vesicles, immunoelectron microscopy was performed on
BRSY-infected insect cells and antibody gold label was
found in certain locations (Figs. 5a and 5b): The ribo-
some-studded membranes of the rER cisternae were
decorated by gold particles (Fig. 5a), and abundant syn-
aptophysin immunoreactivity was consistently de-
tected on the cytoplasmic side of smoothly surfaced ves-
icles of various sizes (arrows in Fig. 5b) and in certain
patterns on the inner aspect of the plasma membrane
(arrowheads in Fig. 5b).

FIG. 5.

Immunoelectron microscopy of Sf9 cells 36 hpi with recombinant baculovirus BRSY, detecting synaptophysin with affinity-

purified synaptophysin antibodies from rabbit and 5-nm gold-coupled secondary antibodies, together with the silver amplification method.
Cells were fixed with 2.5% formaldehyde and either treated with 0.1% saponin (a) or not (b).

Note the abundant presence of synaptophysin in different membranes. The localization in cisternae of the rough endoplasmic recticulum
is denoted by the triple arrow in (a). The bracket indicates the position of the nuclear envelope which also contains some immunolabel. No
signal is seen inside the nucleus (N) or in mitochondria (M). Arrow in (a) denotes empty nucleocapsid in proximity to the nucleus. Larger
vesicles and/or membrane invaginations are shown in (b) by arrows. Immunoreactivity in structures close to the plasma membrane is
indicated by arrowheads. Note also the presence of silver grains in smaller cytoplasmic vesicles. Bars: (a) 250 nm, (b) 500 nm.
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Isolation of synaptophysin-rich vesicles from BRSY-
infected insect cells. Sucrose gradient centrifugation
of postnuclear supernatant fractions was performed to
enrich synaptophysin-containing cytoplasmic vesicles.
ELISA and immunoblot analyses showed that synapto-
physin immunoreactivity was markedly enriched in
fractions with a density between 42 and 52% sucrose,
respectively (Fig. 6a). A similar, albeit somewhat less
restricted, distribution was noted for synaptophysin
vesicles extracted from NE PC12 cells (Fig. 6b). The
fractions containing most synaptophysin immunoreac-
tivity were pooled and used in immunoisolation experi-
ments with antibody-coated magnetic beads. In these
experiments cells were metabolically labeled with [**S]-
methionine to determine the polypeptide composition
of the immunoadsorbed vesicles. The major polypeptide
component detected by autoradiography of the electro-
phoretically separated polypeptides was synaptophysin
(Fig. 7).

Conclusions. We have constructed recombinant
baculovirus for the high-level expression of synapto-
physin in insect cells. In contrast to bacterial systems
posttranslational modification took place and overex-
pression was possible. Although we were able to obtain
relative synaptophysin levels that were severalfold
higher than those in rat brain the ectopically produced
polypeptides were only minor components of the total
cellular proteins which were, however, comparable to
the reported amounts of other polytopic membrane pro-
teins produced in insect cells [e.g., 31-34]. The use-
fulness of BRSY-driven expression of synaptophysin in
insect cells is underlined by the observations that syn-
aptophysin was incorporated into membranes in the
proper orientation [compare with 3, 8, 9, 16—18], that
a significant proportion of synaptophysin was modified
by attachment of carbohydrate moieties to asparagine
residues [for different degrees of glycosylation see also
2, 8, 14, 16, 35], and that the pl of synaptophysin was
in good agreement with reported values for rat brain
synaptophysin [2]. Most importantly, the multipunc-
tate immunofluorescent distribution [compare with the
similar patterns in other cells in 8, 14—20, 35, 36] was
in part due to the formation of a distinct synaptophy-
sin-rich vesicle type. These vesicles produced in a living
cell should facilitate further functional analyses,
thereby extending in vitro reconstitution experiments
[10] with their limitations concerning membrane inte-
gration and formation of functional membrane do-
mains. The detailed analysis of synaptophysin and se-
lected synaptophysin mutants (see, e.g., [36]) produced
in these cells will be a useful model for the investigation
of the importance of a single molecule for the formation
of a distinct vesicular membrane domain with specific
functional properties.
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