contributes to BARK translocation, the
receptor also participates in the membrane
association of this enzyme. The enhanced
rate of BARK-mediated receptor phospho-
rylation observed in the presence of By
would thus appear to be a consequence of
the membrane localization of the kinase
through formation of a receptor—-BARK-By
ternary complex.

Unlike receptor phosphorylation, the
receptor-facilitated membrane localization
of the BARK-By complex was stimulus
independent (Fig. 5, A and B). Thus, the
BARK-B+y complex binds to either activat-
ed or inactivated receptor. In vivo, G
proteins undergo a cycle of guanine nucle-
otide exchange during which they exist in
two distinct states, an inactive conformation
in which Ga—guanosine diphosphate (Ga-GDP) is
complexed to By, and an active state in
which Ga-guanosine triphosphate (Ga-GTP) sub-
units, capable of interacting with and acti-
vating various effectors (29), are dissociated
from By. Because the exchange of GDP for
GTP is stimulated by the ligand-activated
receptor, uncomplexed By subunits should
be available in vivo only in the presence of
agonist-occupied receptor. Thus, in this
sense, translocation of BARK through for-
mation of the BARK-B-y—receptor complex
is predicted to be agonist dependent in
vivo. Indeed, addition of a subunits to By,
a condition that favors formation of the
heterotrimeric G protein, inhibited the en-
hancement of BARK-mediated receptor
phosphorylation observed on addition of By
alone. ’

RK, unlike BARK, ends with a CAAX
sequence and is farnesylated and carboxyl-
methylated in vivo. Furthermore, the post-
translationally modified form of this enzyme
is about four times as active in phospho-
rylating rhodopsin as its unfarnesylated
counterpart (26). The enhanced rate of
thodopsin phosphorylation accompanying
farnesylation is caused by light-dependent
translocation of RK to rhodopsin-contain-
ing membranes (30). Both BARK and RK
thus appear to translocate to membranes in
a prenylation-dependent fashion.

By subunits have been implicated in
regulation of a K* channel (31) and acti-
vation of phospholipase A2 (32). By also
stimulates type II adenylyl cyclase in the
presence of activated a, thus acting as a
conditional activator of cAMP synthesis
(33). The results presented in this study
suggest another role of the By dimer, the
enhancement of agonist-stimulated recep-
tor phosphorylation and desensitization.
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Requirement for the Adenovirus Type 9 E4 Region
in Production of Mammary Tumors

Ronald Javier,* Karel Raska, Jr., Thomas Shenkt

Oncogenic viruses demonstrating a strict tropism for the mammary gland provide special
opportunities to study the susceptibility of this tissue to neoplasia. In rats, human adeno-
virus type 9 (Ad9) elicits mammary fibroadenomas that are similar to common breast
tumors in women, as well as phyllodes-like tumors and mammary sarcomas. By con-
structing recombinant adenoviruses between Ad9 and Ad26 (a related nontumorigenic
virus), it was shown that the Ad9 E4 region was absolutely required to produce these
mammary tumors. This indicates that an adenovirus gene located outside the classic
transforming region (E7) can significantly influence the in vivo oncogenicity of an adeno-
virus. Consistent with a direct role in mammary gland oncogenesis, the Ad9 E4 region also
exhibited transforming properties in vitro. Therefore, the Ad9 E4 region is a viral oncogene
specifically involved in mammary gland tumorigenesis.

Human adenoviruses are classified as DNA
tumor viruses because of their ability to
induce tumors in rodents or to transform
rodent cells in culture, and the El region
(E1A and EIB genes) encodes the proteins
responsible for the oncogenic properties of
these viruses (I). The E1A proteins alone
are capable of immortalizing primary rodent
cells in culture (2) and, in cooperation with
the E1B proteins (3), produce fully trans-
formed cells. The transforming properties of
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these viral oncoproteins result, at least in
part, from an ability to complex with im-
portant cellular proteins (4-8). Such com-
plexes between viral oncoproteins and cel-
lular proteins are believed to perturb the
normal functions of the targeted host pro-
teins, most of which appear to regulate
important control points of the cell cycle.

Among the oncogenic adenoviruses, the
subgroup D adenovirus Ad9 is unique be-
cause it elicits exclusively estrogen-depen-
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dent mammary tumors in female rats (9-
11). In contrast, a typical oncogenic adeno-
virus produces sarcomatous tumors at the
site of virus inoculation in both male and
female animals (I12). These observations
suggest that Ad9 encodes a novel protein
that targets tumorigenesis to the mammary
gland.

The unique oncogenicity of Ad9 is mir-
rored by an unusual pattern of viral gene
expression in mammary tumors: Ad9 E1A
mRNA expression, but not Ad9 EIB
mRNA expression, is detected in the tu-
mors (10). Because two adenovirus onco-
genes are normally required to transform a
normal cell, it seemed possible that, in
order to produce a mammary tumor, anoth-
er Ad9 gene besides EIA may be necessary
to augment or substitute for the presumed
deficiency of E1B function in the cells. The
work presented below was initiated to iden-
tify such a viral gene.

In contrast to Ad9, most subgroup D
viruses are not able to produce tumors of
any type in Wistar/Furth (W/Fu) rats. Spe-
cifically, among eight selected subgroup D
viruses, two (Ad9 and Ad10) produced
mammary tumors in female animals, where-
as six others (Ad15, Ad17, Ad24, Ad25,
Ad26, and Ad30) did not (13). This pro-
vided an opportunity to construct recombi-
nant viruses between Ad9 and one of these
nononcogenic subgroup D viruses because
members of this subgroup share greater than
90% DNA homology (14).

We arbitrarily chose Ad26 as the
nononcogenic partner and initially con-
structed four different recombinant viruses
between Ad9 and Ad26 with the use of the
overlap recombination technique (15). In
addition, because these recombinant viruses
were assembled entirely from cloned viral
DNA (16), we also generated Ad9 and
Ad26 viruses from cloned DNA (17) as
appropriate controls for the recombinant
viruses (Fig. 1). The viruses were then
amplified to high titer and inoculated into
female W/Fu rats.

Mammary tumor induction by virus
AC-9 immediately established that the on-
cogenic difference between Ad9 and Ad26
mapped outside the left 7.5% of the ge-
nome (EIA and part of EIB), whereas
tumor induction by virus AB-9 suggested
that the difference more precisely localized
to the right 30% of the viral genome (Fig.
1). The nontumorigenic phenotype of the
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recombinant viruses with reciprocal struc-
tures (AB-26 and AC-26) provided addi-
tional support for this conclusion. There-
fore, in contrast to previous studies with
human adenoviruses that identified the left
10% of the genome as the only region
essential for oncogenicity (1), the results
presented here suggest that a gene encoded
on the right 30% of the Ad9 genome was
critical for mammary gland oncogenesis.

The right 30% of the adenovirus ge-
nome contains four candidate genes (L4,
E3, L5, and E4) that could be necessary for
Ad9 tumorigenesis (Fig. 2A). In order to
determine which of these right-end—encod-
ed viral genes was essential for mammary
tumor production, we constructed six addi-
tional recombinant viruses between Ad9
and Ad26 (18). The left 70% of these viral
genomes consisted of Ad26 DNA, and the

Fig. 1. The genomic structures £ |32E3 E4

and mammary gland oncogenici- - -

ties of Ad9 and Ad26 plasmid- ) 20 20 50 80 700 map units
generated viruses (17) and first- RS
generation recombinant viruses Nittis fiRnotE
between Ad9 and Ad26 (76). The  Aqg  ———— 10/19

adenovirus genome and its early
transcription units are shown
above the viral genomic struc-
tures. Black areas represent Ad9
DNA and gray areas represent
Ad26 DNA. Vertical-lined regions
denote where the DNA origin
(Ad9 DNA versus Ad26 DNA) is
uncertain. To assay oncogenicity,

Ad26

AB-26

E— /13

we obtained near-term pregnant W/Fu rats from Sprague-Dawley (Indianapolis, Indiana), and
newborn rats (24 to 48 hours old) were injected subcutaneously over both the left and right

shoulders with a total of 5 x 107 plague-forming

units (PFU) of virus in 0.4 ml of Dulbecco’s modified

Eagle medium supplemented with 10% calf serum. At 4 to 6 weeks old, infected juvenile rats were
weaned and separated by sex. The formation of mammary tumors in these animals was monitored
by palpation and visual inspection for 7 months to 1 year. Mammary tumors began to arise when the
rats were approximately 3 months old and by 5 months old most tumors were detectable.

Fig. 2. (A) The right-end 30% of A L4 , L5

the adenovirus genome and tran- E3 __’ E4

scription units contained therein. :

(B) The genomic structures and i L 0 ¥ mag ks

mammary gland oncogenicities of Mammary

Ad9 and Ad26 plasmid-generat- B yins bt

ed viruses (17) and second gen- ACD N {111 ()3

eration recombinant viruses be- iod [ D0

tween Ad9 and Ad26 (18). Except AL e s 0y S0/

for Ad9, the viruses shown have oHA I ©/C /4

Ad26 DNA for the left genomic A

70%, which is not shown. Black 26XHE I @00 nd

areas represent Ad9 DNA and e 20/7 nd

Bmoriganicty was. cetermineg 0S5 mem————— 1010 0/

as described in Fig. 1. 26ITR W7 T 1111 0/5
9SM m eTnenarnaresesnlleE 016 0/4

Fig. 3. Histological analy-
ses of mammary tumors in-
duced by recombinant vi-
rus 9SS. (A) Mammary fi-
broadenoma. (B) Benign
phyllodes-like tumor. (C)
Malignant phyllodes tumor.
(D) Solid sarcoma. The
sarcoma is displayed at a
higher magnification than
the other tumors to facili-
tate observation of mitotic
cells characteristic of the
tumor.
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remaining right 30% consisted of varying
amounts of Ad9 and Ad26 DNA (Fig. 2B).

These experiments demonstrated that
both the 9SS and 26ITR viruses elicited
mammary tumors. The genome of virus 9SS
consisted almost entirely of Ad26 DNA
except that the extreme right 2300 bp were

Table 1. Transformation of CREF cells by coop-
eration between the Ad9 ET region and either
the Ad9 or Ad26 E4 region. Transformation
assays with CREF cells were performed simi-
larly to the method used by Babiss et al. (60).
Approximately 106 CREF cells on a 100-mm
cell culture dish in Dulbecco’s modified Eagle
medium supplemented with 5% fetal calf serum
(FCS) were transfected by the calcium phos-
phate method with a total of 20 pg of super-
coiled DNA (10 pg of each plasmid). When the
E1 or E4 region plasmids were used alone,
supercoiled pUC19 was added to bring the
total DNA content to 20 pg. Twenty-four hours
after transfection, the cells were washed twice
with phosphate-buffered saline solution, tryp-
sinized, and passaged onto three 100-mm cul-
ture dishes. After another 24 hours, the culture
medium was changed to a low-calcium medi-
um (suspension-culture minimum essential me-
dium) supplemented with 5% FCS and Nystatin
(100 U/ml, Gibco). Cells were fixed in methanol,
stained with Giemsa, and foci were scored 8
weeks after transfection. Ad9 E7 region plas-
mid, Spe |-Hind Il DNA fragment (0 to 17 mu)
in pUC19; Ad9 and Ad26 E4 region plasmids,
Xho 1-Spe | DNA fragments (87 to 100 mu) in
puC19.

Number of foci

replaced with Ad9 sequences, whereas the
genome of virus 26ITR was identical to virus
9SS except that the extreme right 300 bp
were derived from Ad26 sequences (Fig.
2B). These results indicated that the Ad9
function essential for mammary gland onco-
genesis was entirely encoded within the Ad9
E4 region. Consistent with an oncogenic
role, Ad9 E4 region mRNA is expressed in
all Ad9-induced mammary tumors (10). The
nontumorigenic behavior of viruses 26XHB
and 9HB, which possess entirely Ad26-de-
rived E4 regions, strengthened the conclu-
sion that the E4 region encoded the essential
tight-end function. In addition, because his-
tological examination of the tumors elicited
by virus 9SS (Fig. 3) and 26ITR (19) showed
them to be identical to Ad9-induced mam-
mary tumors, it could be concluded that the
oncogenic properties of Ad9 were complete-
ly transferred to Ad26 by these Ad9 E4
region sequences.

Conceivably, the essential E4 gene
product could function to facilitate the
spread of Ad9 virus in test animals from the
site of inoculation to the target tissue.
However, because Ad9 E1B mRNA is not
detected in mammary tumors (10), we pre-
ferred the idea that the E4 region func-
tioned as a viral oncogene that either sup-
plements or replaces an E1B deficiency. To
test this hypothesis directly, we examined
the ability of E4 to cooperate in a transfor-
mation assay with the Ad9 EI region. A
representative experiment is shown in Ta-

Plasmids Plate Plate Plate 101! ble 1. These experiments were performed
1 5> 3 on the established rat embryo fibroblast line
CREF (20) because Ad9 does not transform
Ad9 E1 0 0 0 0 primary rat embryo fibroblasts or baby rat
Ad9 E4 0 1 1 2 kidney cells in culture (21, 22). In contrast
ﬁgSGEEt AdO E4 (13 (23 g 13 to previous studies (21), we were unable to
AOE1 + AdP6E4 16 19 13 48 transform CREF cells with a clone contain-
ing the Ad9 E1 region (Table 1). The likely
Fig. 4. (A) lllustration of the E4 A
open reading frame (ORF) orga- Required for
nization for both Ad9 and Ad26. mammary gland oncogenicity
The boxes show the location of 05% 9’7—/——-;7
each E4 ORF with the percentage [____|°° |__|°° ?
values denotjng the amino acid 93% ORF. 73% L2RE ] 949, E4
homology between Ad9 and OREY = I8
Ad26 for the designated ORF. ORFOA
The region of E4 defined as being B 94%
required for mammary gland on- 1 a 1D SPGGIAPVCE PESFRIPPEG VVLLALKVSY LVPTCYQGRE
cogenesis (nt 305 to nt 1449 from ad26 ' VR IN
the right end) is also indicated. Ms  MAINDYEARD ILTOSDVIPA GRRQELIVLL FNETORFLYV REGEPVGTLL, LERVIFPSVE
(B) Comparison of the predicted [
amino acid sequences of Ad9 Ad26 L
and Ad26 E4 ORF1, ORF2, and
ORF3. The portion of the ORF3  ORF2 MY MLQRRGVSYE IV LEDFSITONT T
protein encoded outside the de- M5 ASPALKFSL, TLASPTLSPG SELSAVAQD LSDFLQUILR RELRAEGRTD LNLVVINTIQ
fined essential segment of E4 is 2d26 ¥ E s
shown in italics. Ady  VVEQUDLFLL
F3 aas

2d26

Ad9
Ad26

MRVCLIMKVE GALWELFHMC GVDLHQQFVE IIQGWKNENY LGMVQECNLM IDEIDGGPAF
N

NVI: VLRDRLE
144
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explanation for this result is that Ad9 E1B
mRNA expression is deficient in CREF
cells, as has been demonstrated in Ad9-
induced mammary tumors (10). A clone
containing the Ad9 E4 region produced
some foci on CREF cells, indicating that E4
was expressed in the absence of E1A and
revealing a transforming potential for this
region. In addition, when Ad9 EI region—
and Ad9 E4 region—containing clones were
cotransfected, a ninefold increase in trans-
formants was produced above that of the
Ad9 E4 region clone alone (Table 1).
Consistent with these results, the E4 region
of oncogenic virus Ad12 confers an ability
to grow in soft agar to Adl2 EIl region—
transformed 3Y1 cells (23). Therefore, the
Ad9 E4 region possesses transforming prop-
erties in vitro, suggesting that this viral
gene functions directly in mammary gland
oncogenesis.

Like Ad9, Ad26 also transforms CREF
cells (24), so it was not surprising that the
Ad26 E4 region also cooperated with the
Ad9 EI region to transform these cells
(Table 1). The Ad26 E4 region is compe-
tent for transformation in CREF cells but
defective for tumorigenesis in the rat mam-
mary gland. Clearly, transformation in vi-
tro does not always correlate with oncoge-
nicity in vivo. Ad5 transforms primary rat
cells in culture more efficiently than Ad12
(25), but only Ad12 virions or Ad12-trans-
formed primary rat cells are tumorigenic in
immunocompetent rats (I). Although no
single adenoviral gene has been identified
to explain completely the oncogenic differ-
ences between Ad5 and Ad12 (26, 27), it
has been established that Ad12 E1A pro-
teins, but not Ad5 E1A proteins, inhibit
transcription of the major histocompatibil-
ity complex (MHC) class I gene, resulting
in a stronger evasion of Adl2-transformed
cells from the immune system (28-32). For
human papillomaviruses, the difference in
oncogenicity among various isolates has
been attributed to at least two viral pro-
teins. Here, the E6 and E7 proteins of
oncogenic human papillomaviruses com-
plex better with p53 (33) and pRB (34,
35), respectively, than do the same proteins
derived from nononcogenic papillomavi-
ruses. Because Ad9 and Ad26 E4 mRNAs
appear identical in both infected A549 cells
(a human cell line that supports the repli-
cation of both Ad9 and Ad26) and trans-
formed CREF cells (36), it appears that an
inherent protein difference is.also responsi-
ble for the oncogenic difference between
the E4 regions of these viruses.

The E4 regions of subgroup D viruses
Ad9 and Ad26, similar to those of subgroup
C virus Ad2 (37) and subgroup A virus
Ad12 (38), are complex transcription units
containing multiple open reading frames
(ORFs; Fig. 4A). One deviation of sub-
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group D from the other subgroups, however,
was the presence of an additional E4 ORF,
ORF6A, which overlapped internally with
OREF®6; the significance of this novel ORF
remains to be determined. Comparison of the
seven predicted Ad9 E4 proteins with those of
Ad26 demonstrated that a high degree of
similarity existed between most of the E4
ORFs (Fig. 4A). The one exception was
ORF4; however, the nontumorigenicity of
virus 9SM (see Fig. 2B), which encoded an
Ad9 E4 ORF4, argues that this dissimilarity
was not responsible for the oncogenic differ-
ence between Ad9 and Ad26.

Taking into account both the tumorige-
nicity of virus 26ITR and the nontumorige-
nicity of virus 9SM (Fig. 2B), we have
mapped the relevant genetic difference be-
tween Ad9 and Ad26 to a DNA segment of
~1 kb within the E4 region (Fig. 4A). This
segment extends from nucleotide (nt) 305
to nt 1449 (1144 bp) from the right end and
contains a portion of the E4 upstream pro-
moter region, ORF1, ORF2, and a portion
of ORF3. The 170-nt E4 upstream promot-
er region displayed only a single nucleotide
difference between Ad9 and Ad26 (39),
and the 125-residue ORF1, 130-residue
ORF2, and 117-residue ORF3 exhibited a
nine—, eight—, and one-amino acid differ-
ence, respectively (Fig. 4B).

A search of the protein database with
Ad9 and Ad26 ORF1, ORF2, and ORF3
amino acid sequences yielded no striking
protein sequence homologies (aside from
the corresponding E4 ORFs of other adeno-
viruses) that might have suggested func-
tions for these predicted proteins. For sub-
group C adenoviruses (Ad2 and Ad5) in
which the E4 region is best characterized,
mutation or deletion of these particular E4
OREF:s has little or no effect on the ability of
the virus to replicate in cell culture (40—
42). Furthermore, besides the fact that
ORF3 can partially complement viruses
with mutations in E4 ORF6 (40, 42), no
functions have been attributed to any of
these three viral proteins.

From the study of subgroup C adenovi-
ruses, it is known that the E4 region influ-
ences such aspects of the virus life cycle as
transcription of the viral E2 region, repli-
cation of viral DNA, and accumulation and
transport of late viral mRNAs (41, 43-48).
Two proteins encoded within this region
have been studied in detail. The E4 ORF6
protein forms a complex (49) with the E1B
55-kD protein and regulates cytoplasmic
accumulation of both viral and cellular
mRNAs (47, 50). The E4 ORF6/7 protein,
on the other hand, forms a stable complex
with the cellular transcription factor E2F in
an infected cell (51-55). The formation of
the complex between E2F and ORF6/7 is
needed for efficient transcription from the
adenovirus E2 promoter (43, 44, 46, 52, 54)
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and for cooperative binding of E2F to a pair of
cognate DNA binding sites (55, 56). In order
for E2F to bind with E4 ORF6/7, the adeno-
virus E1A oncoprotein must first disrupt het-
erocomplexes that normally exist between
E2F and the retinoblastoma tumor susceptibil-
ity protein (57, 58). Like the better studied E4
proteins, the Ad9 E4 ORF1, ORF2, or ORF3
product may also bind to an important cellular
regulatory protein, alter its function, and con-
tribute to the specific mammary gland onco-
genicity of Ad9.
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SV2, a Brain Synaptic Vesicle Protein
Homologous to Bacterial Transporters

Sandra M. Bajjalieh, Karen Peterson, Rajesh Shinghal,
Richard H. Scheller*

Synaptic vesicle protein 2 (SV2) is a membrane glycoprotein specifically localized to
secretory vesicles in neurons and endocrine cells. As a first step toward understanding the
function of SV2 in neural secretion, a rat brain complementary DNA (cDNA) that encodes
SV2 was isolated and characterized. Analyses of this cDNA predict that SV2 contains 12
transmembrane domains. The NH,-terminal half of the protein shows significant amino acid
sequence identity to a family of bacterial proteins that transport sugars, citrate, and drugs.
Expression of the SV2 cDNA in COS cells yielded a high level of SV2-like immunoreactivity
distributed in a reticular and punctate pattern, which suggests localization to intracellular
membranes. Its localization to vesicles, predicted membrane topology, and sequence
identity to known transporters suggest that SV2 is a synaptic vesicle—specific transporter.

Neurotransmitters are concentrated and
stored in small clear vesicles localized at the
synapse. Neuronal communication is mediat-
ed by the release of neurotransmitters from
these vesicles by means of vesicle fusion with
the plasma membrane. Molecular character-
ization of synaptic vesicle components has
identified proteins that contribute to several
aspects of vesicle functioning, including vesi-
cle interaction with cytoskeletal elements and
docking at active zones along the plasma
membrane (I1-3). However, little is known
about the molecules that regulate the con-
tents of synaptic vesicles or effect the release
of transmitters during exocytosis.

Synaptic vesicle protein 2 (SV2) was iden-
tified with a monoclonal antibody prepared
against cholinergic vesicles from the electric
organ of the marine ray Discopryge ommata (4).
Immunolocalization by electron microscopy
revealed that this antibody recognizes an epi-
tope on the cytoplasmic face of synaptic ves-
icles. Biochemical evidence suggests that SV2
is a membrane-associated glycoprotein of ~80
kD. The SV2 epitope is present in fish,
amphibians, and mammals and is specifically
localized to neural and endocrine cells. Immu-
nohistochemical studies demonstrate that the
SV2 epitope is not limited to neurons that
contain a specific neurotransmitter but rather
is detected in all neuronal and endocrine cells
surveyed (4, 5). In the endocrine cell lines
AtT-20 and PC12, SV2 immunoreactivity
localizes to the Golgi apparatus and to the tips
of processes, where it is relatively concentrat-

Howard Hughes Medical Institute and Department of
Molecular and Cellular Physiology, Stanford Universi-
ty, Stanford, CA 94305.

*To whom correspondence should be addressed.

ed. Because of its cellular localization and
occurrence in a broad array of species, the
antibody to SV2 is widely used as a marker for
synaptic vesicles.

An important step toward understanding
the role of SV2 in synaptic transmission is the
determination of its amino acid sequence. To
isolate a cDNA that encodes the SV2 pro-
tein, we purified an immunoreactive peptide
fragment from rat brain synaptic vesicles (Fig.
1). Amino acid microsequencing of this frag-
ment yielded a 40-residue sequence (Fig. 3A,
boldface). Rat brain cDNA was amplified by
the polymerase chain reaction (PCR) with
primers based on the SV2 peptide sequence,
which resulted in a 96-nucleotide fragment
that encoded the first 31 amino acids of the
sequence (6). The cloned PCR product was
then used as a template in another PCR

REPORTS

reaction to generate a radioactive nucleotide
probe of high specific activity. This probe was
used to screen a rat brain Lambda Zap II
library (Stratagene). Approximately 400,000
plaques were screened, yielding 12 positive
clones. One of these clones, containing a
3.8-kb insert, was used in subsequent studies.

To confirm that the isolated clone encodes
SV2 and to explore the cellular localization of
the protein product, we transiently expressed
the cDNA in COS cells, a transformed exo-
crine cell line. The SV2 cDNA was inserted
in both the forward (coding) and reverse
(noncoding) directions in the mammalian
expression vector pCMV. COS cells trans-
fected with constructs that contained the
cDNA in the forward direction expressed
high concentrations of SV2, as assayed by
fluorescent immunohistochemistry (Fig. 2).

Fig. 2. COS cell transfected with the construct
containing SV2 cDNA in the forward direction,
showing localization of SV2-like immunoreactiv-
ity. COS cells were transfected with SV2 cDNA
that had been subcloned into the pCMV ex-
pression vector and were fixed, permeabilized,
and incubated with the antibody to SV2 fol-
lowed by rhodamine-conjugated goat antibod-
ies to mouse IgG. Cells transfected with the
construct that contained SV2 cDNA in the re-
verse (noncoding) direction were not immuno-
reactive. Bar = 25 mm.

Fig. 1. Generation of a peptide fragment with A B

the SV2 epitope for amino acid sequencing. (A)

Synaptic vesicles (22) before (lanes 1 and 2)

and after (lanes 3 and 4) removal of extrinsically 97 -

associated proteins by incubation with 1 M KCI 66 - 43>
followed by 10 mM NaCO, (pH 11). Samples 430 200
were subjected to SDS-polyacrylamide gel i
electrophoresis (SDS-PAGE), and the separat- :g:

ed proteins were transferred to PVDF paper
(Immobilon; Millipore). Proteins in lanes 1 and 3
were stained with Coomassie blue, whereas those in lanes 2 and 4 were incubated sequentially with
the monoclonal antibody to SV2 and '25I-labeled antibodies to mouse immunoglobulin G (IgG) and
then subjected to autoradiography. The samples in lanes 3 and 4 contain an identical proportion of
the total vesicle preparation as the samples in lanes 1 and 2. The samples shown represent less
than 1% of the total material processed in preparative gels. (B) The region of the PVDF membrane
that contained SV2 immunoreactivity [lanes 3 and 4 in (A)] was removed and incubated with
cyanogen bromide (60 mg/ml in 70% formic acid). The resulting peptide fragments were separated
by SDS-PAGE, transferred to PVDF paper, and either stained with Coomassie blue (lane 1) or
processed for anti-SV2 immunoreactivity as in (A) (lane 2). The sample shown represents ~5% of
the total used to obtain the amino acid sequence. Positions of the molecular mass marker proteins
are shown to the left of each panel in kilodaltons.
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