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Summary

SNARE isoforms appear to regulate specific intracellular Golgi apparatus. In addition, membranes containing
membrane trafficking steps. To identify new SNARE dsyntaxin 16 become aggregated upon Brefeldin A
proteins in Drosophila melanogastewe used a yeast two- treatment and are dispersed during meiosis. Inhibition of
hybrid screen to search for proteins that interact with  dsyntaxin 16 function by overexpression of truncated forms
SNAP. Here we report the identification of theDrosophila  in cultured Schneider cells indicates that dsyntaxin 16 may
homologue of syntaxin 16. dsyntaxin 16 binds SNAP in a selectively regulate Golgi dynamics.
concentration-dependent fashion and genetically interacts

with NSF2. Like its mammalian homologue, dsyntaxin 16

is ubiquitously expressed and appears to be localized to the Key words: Golgi, SNARE, Syntaxin, Membrane fusibngsophila

Introduction coiled-coil interactions among three Q-SNAREs and one R-
Vesicular  trafficking between different membrane SNARE that are distributed on apposing membranes (Antonin
compartments in eukaryotic cells is essential for cell surviva@t al., 2002; Fasshauer et al., 1998). Such complexes may be
and function. To ensure precise membrane transport, elegéit@ble enough to survive mild SDS treatment and their
mechanisms have evolved to sort cargoes into the propgisassembly requires the collaborative actions of the ATPase
vesicles (reviewed by Bannykh et al., 1998; Pelham, 1999¥SF (N-ethyl-maleimide-ensitive_ictor) and its ligand SNAP
Rothman and Wieland, 1996), which are then delivered to thgoluble NSF asociated mtein) (Otto et al., 1997). These
target compartment (Bloom and Goldstein, 1998). Upor®bservations, together with the fact that the coiled-coil
reaching their destination, vesicles will fuse to the targeterminates at the C-terminal transmembrane domain of the
membrane, a process that requires the coordination of at le&WAREs, have led to the hypothesis that the formation of the
a dozen molecules, among which the SNAREs ABN SNARE complex releases sufficient energy to bring the
receptors) are considered to assemble the core of the fusiopposing membranes into close apposition and thereby
machinery. promote fusion (Hughson, 1999). Strong support for this
Originally identified as membrane-associated proteingypothesis comes from the observation that cognate Q- and R-
essential for the presynaptic release of neurotransmitterSNARES reconstituted separately on artificial liposomes were
SNAREs comprise syntaxin, SNAP-25 and VAMP/ sufficient to mediate membrane fusion (Fukuda et al., 2000;
synaptobrevin, each belonging to a protein family withWeber et al., 1998). However, recent evidence from a number
increasing family members (reviewed by Chen and Schellegf different systems has suggested that SNARE complex
2001; Jahn and Sudhof, 1999; Rothman, 1994). Vesicltormation may not constitute the final step of membrane fusion
SNAREs can interact with cognate SNAREs on the targefreviewed by Mayer, 1999; Mayer, 2001). At least in the case
membrane. In the case of synaptic fusion, syntaxin 1 (oaf yeast vacuolar fusion, additional proteins have been shown
plasma membranes) and VAMP/synaptobrevin 2 (on synaptto act after SNARE complex formation (Peters et al., 1999;
vesicles) each contributes one helix, whereas SNAP-25 (dPeters and Mayer, 1998).
plasma membranes) contributes two helices to form a four- In spite of the debate on the exact role of SNAREs in the
helix bundle. Lying in the core of the bundle are conservefinal stages of fusion, it has been generally accepted that the
layers of interacting amino-acid side chains, with the centrahteraction of cognate SNAREsS at least contributes to the
layer being the most highly conserved (Sutton et al., 1998%pecificity of membrane fusion and that most trafficking events
Thus, on the basis of whether they provide a glutamine aequire a different SNARE complex (Pelham, 2001; Rothman
arginine at the central layer, SNARESs can be classified as eith@nd Warren, 1994). This may explain why there are so many
Q- or R-SNAREs. Additional structural analysis suggests thanembers of the SNARE super-family, with rather unique
a functional SNARE complex is most probably formed bybut sometimes overlapping distribution patterns along the
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secretory and endocytic pathways. Unfortunately, studies gaction.dSyx18° 353yas subcloned into pUAST and pRmHa-3-myc
many individual mammalian SNAREs have yet to provide(see below) for microinjection and transient transfection of cultured
conclusive evidence for the functional pairing of cognatecells. _ o
SNARES. This is largely due to two reasons: the non-specific PRmHa-3-myc was constructed by replacing the polycloning site
pairing of SNAREs under in vitro conditions (Tsui and of pRmHa-3 (gift of D. Williams) with the polycloning site of

: . See . pcDNA3.1-myc, which has a myc epitope at thesigd. Full-length
Banf|el<tj_, ZOOOt, \t(anﬁq let .al'i. 1999.) alnd the Islffl%uLI_y IndSyle or the cytoplasmic domain of dSyx16 (dSyR16329 was
generating mutant alleles In five animals or cuiture ISSUe@oupled downstream from the myc-tag in this vector.

to address the issue in viv@rosophila melanogasterby  chromosomal mapping diSyx18vas conducted by blotting the P1
contrast, allows great flexibility in genetic manipulation while prosophila high-density filter (Genome system) witP?R]-labelled
offering a similar level of complexity to mammals. dSyx16cDNA. The position of the positive signal was matched with

In an attempt to initiate studies on SNARE-mediatedhe chromosomal location, according to instructions provided by the
membrane trafficking imrosophila we screened a fly cDNA manufacturer. The location dSyx16wvas subsequently confirmed by
library for potential SNAREs using the yeast two-hybriddata fromthe BerkelerosophilaGenome Project (http:/flybaio.
system. Using this approach, a novel syntaxin isofornindiana.edu/.bin/fogrmap?fbgenel19&id=FBgn0031106).

that shows significant amino-acid sequence similarity to
mammalian syntaxin 16 was identified. dSyx16 is ubiquitouslinging assays and western blot analysis

expressed |rIDrosoph|Iaa_nd appears to !ocallze to the Golgi g7, expressing GST-dSyxX9® 32%usion protein were lysed using
apparatus. Overexpression studies indicate that dSyx16 M@rrench press (Sim-Aminco). Fusion protein in the inclusion body
selectively regulate Golgi dynamics in the fruitfly. was dissolved with 1% N-lauryl sarcosine in PBS and subsequently
treated with 2% Triton X-100 for 1 hour &tClbefore it was coupled
onto glutathione agarose beads (Sigma). Approximately 200 ng of
. immobilized GST-dSyx1® t©©32%r GST (negative control) were then
Materials a”q Methods incubated with specific amounts of recombinant dSNAP (Mohtashami
Yeast two-hybrid screen etal., 2001) in binding buffer «kPBS, 0.05% Tween 20, 5 mM EDTA,

A cDNA of DrosophilaSNAP was generated by RT-PCR (see sectionl00 mM NacCl, and 0.1% BSA) for 1 hour &4 Following extensive

2.2) and confirmed by DNA sequencing. The cDNA was subclonedvashes with 50 mM HEPES (pH7.5), 5 mM EDTA, 150 mM NacCl
into the yeast two-hybrid vector pAS2 (Clontech), downstream of thand 0.5% Triton X-100, proteins on the agarose beads were extracted
GAL4 DNA-binding motif. The resulting construct was transformedwith 2xSDS sample buffer and subjected to SDS-PAGE. Western blot
into the yeast strain Y190 (Clontech), and the expression of thanalysis was performed with Anti-GST (1:1000) (K. Ross and W.S.T.,
chimeric protein (or the bait) was examined by western blot analysisinpublished) and anti-dSNAP [1:2000 (Mohtashami et al., 2001)].

To screen for potential binding partners of dSNABrasophila Oregon Rembryos at different developmental stages, third instar
melanogasterovary cDNA library (gift of J. Verdi, University of larvae, pupae, adults, adult heads, bodies, salivary glands and other
Western Ontario) constructed downstream of the GAL4 activatingmaginal discs dissected from third instar larvae were lysed in
motif in the pACT2 vector was used to transform the Y190 strain thatomogenization buffer (100 mM Tris, pH 6.8, 20% glycerol, 2%
expressed the bait. Transformants were plated on ddjar plates SDS and 5 mM EDTA). Following protein quantification with
from which potential positive clones were selected by monitoring th&CA reagents (Pierce), equal amounts of protein were subjected to
expression of theHis3 reporter gene. For further confirmation, 10% SDS-PAGE and western blot analysis using affinity-purified
transformants with a Hisphenotype were tested for expression of aanti-dSyx16 antibody (1:800) that was raised against His-
second reporter gen&acZ, using a filter assay foB-galacosidase dSyx1670 to 329
activity as recommended (Clontech). To eliminate false positives, In fractionation studieQregon Radults were homogenized in 50
candidate transformants were grown in medium with no selection fanM HEPES (pH 7.5), 25% sucrose, 200 PMSF and 5 mM EDTA.
the bait vector. The transformants that lost the bait were tested agdtollowing centrifugation for 10 minutes at 12@0the supernatant

for the lack oflacZ expression. was centrifuged at 100,0@For 1 hour to separate the soluble fraction
Plasmid DNA was isolated from yeast, transformed inttokand  and the membrane fraction. The membrane pellet was re-suspended
then purified fromE. coli for DNA sequencing. and incubated with eitherJ®, 2 M KCI, 0.2 M NaCOs (pH 11-12),

4M urea, 2% Triton X-100 or 2% SDS for 1 hour &C4 After
) centrifugation, both the soluble and insoluble fractions were subjected

Molecular biology to SDS-PAGE and western blot analysis.
DrosophilaSNAP was cloned by RT-PCR. Total RNA frdbregon
Rwas isolated using Trizol reagent (Gibco). The first round of cDNA _ . o
synthesis was achieved with AMV reverse transcriptase (Promegiyimunocytochemistry and transient expression in cultured
using oligo(dT) as a primer. A subsequent PCR reaction was carriéglls
out using primers:'SCATATGGGTGACAACGAACAGAAGGC and  Schneider cells (S2 cells) were grown on coverslips in Schneider's
5-GTCGACTCGCAGATCGGGATCCTCG. The PCR product was Drosophilamedium (Gibco) supplemented with 10% FBS overnight
subcloned into the pBluescript SKector (Stratagen) for sequencing. before they were treated with 1.5% DMSO alone (negative control)

The partial cDNA ofdSyx16 cloned via the yeast two-hybrid or 30 pg/ml of brefeldin A (Sigma) and 1.5% DMSO for 2 hours.
screen, was amplified by PCR using primetssBATTCATATGTC- Cells were then fixed with 4% paraformaldehyde in 100 mNPQa
TAAGATCAAGCCTAAGCTGG and 5CTCGAGCTACTTGCG-  (pH 7.0) for 25 minutes. After incubation with quench buffer (25 mM
GTTCTTGCGCTG, or 5SAGATCTCGAGCTAGAGCTTGGTCAG-  NH4CI, 25 mM glycine, ¥PBS) for 15 minutes, cells were then
GATG to generateSyx160 10 329y dSyx 160 t© 352respectively. Each  blocked overnight at°€ with 2% BSA, 2% normal goat serum in
PCR product was subcloned into pBluescript *Stector for  PBT (PBS with 0.1% Triton X-100). Cells were then incubated for 2
sequencingdSyx16° o 32%yas then subcloned into pGEX-KG vector hours with rabbit anti-dSyx16 and mouse monoclonal anti-p120
(Pharmacia) to generate GST-dSy%18 32%or binding assays or into  (1:500; Calbiochem). Following washes with PBT, cells were
pPQE-30 vector (Qiagen) to generate His-dSy*1632%or antibody  incubated with Alexa-488-conjugated goat anti-rabbit (1:1000;
production or into pUAST (Brand and Perrimon, 1993) for microin-Molecular Probes) and Cy3-conjugated donkey anti-mouse (1:1000;
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Molecular Probes) for 1 hour, washed with PBT and then mountegenomic sequence afSyx16(GenBank Acc. # NT033768)
and cleared with DAKO fluorescent mounting medium. and full-length cDNAs (GenBank Acc. # Al113714 and
For transient expression, S2 cells on the coverslip were transientNMo78696), all of which predict an additional 69 amino acids
transfected overnight using the Q)2 method with various 4t the N-terminus of our original clone. The full-lengByx16
pRmHa-3-mycdSyx16&onstructs, washed with PBS and re-incubatechNA thereby encodes 352 amino acids (Fig. 1).

overnight in 1 mM CuS® in Schneider’'sDrosophila medium . . : g .
supplemented with 10% FBS medium. The cells were then fixed and Like human syntaxin 16Drosophila syntaxin 16 carries

co-stained with Rabbit anti-myc (1:100; Molecular Probes) and mou { the C-terminus a 21 amino-acid-long hydrophobic motif,

monoclonal anti-P120, which recognizes a 120 kDa Golgi proteifVhich probably serves as a transmembrane domain that
(Stanley et al., 1997). anchors the protein to the membrane. Adjacent to the C-

To examine Golgi morphology, salivary glands@regon Rwere  terminal hydrophobic motif is a predicted helical domain of
dissected from third instar larva, fixed in 4% paraformaldehydeabout 60 amino acids with the potential to form a coiled-coil
and stained with anti-dSyx16 (1:400). Testes were prepared argtructure (Fig. 1). This motif is conserved within the syntaxin
immunostained as described previously (Hime et al., 1996). Teamily (Weimbs et al., 1997) and apparently mediates the
visualize DNA, propidium iodide (fig/ml) was used during the jnteraction of syntaxin with many of its binding partners (i.e.,
secondary incubation. _Images of salivary gIaan, S2 cells and tGStSNAP, VAMP, SNAP25 etc.). In fachrosophilaand human
were captured by a Zeiss LSM510 confocal microscope. Syx16 share more than 60% amino-acid identity along this

domain, although the overall identity is approximately 35%.
Fly stocks and genetic studies
Stocks were maintained at room temperature on standard cornme . .
agar medium unless otherwise indicate%l. Visible markers and balandépyx16 interacts with SNAP and NSF
chromosomes have been previously described (Lindsley, 1992Jwo independent approaches were undertaken to test whether
Transgenic flies UAS-dSyx18© 329and UAS-dSyx1® © 352were  dSyx16 indeed functions as a SNARE. A biochemical
made by standard P-element-mediated transformation (Rubin arghproach was first used to examine whether dSyx16 and
Spradling, 1982). Individual transgenic lines were crossgd@@ﬁ} dSNAP interact in vitro. Recombinant GST-dSyx16 fusion
GAL4, UAS-dNSF2 /TM3, Satroom temperature. Adult wings were gotein was attached to glutathione beads and then incubated

dissected and placed on glass slides in a drop of isopropanol and t i . . :
mounted in a mixture of Canada balsam and methylsalicylate (Sigm fth purified dSNAP. Following extensive washes, proteins on

Imades were obtained with a Nikon Obtiphot 2 microscope and ccli€ beads were _eluted and subjected to western blot ar]alysis.
s nec with & ikon Bptp eroseop As shown in Fig. 2, GST-dSyx16 binds to dSNAP in a

concentration-dependent fashion, although an equivalent
amount of GST retains no dSNAP. Hence, recombinant dSNAP

Results and Discussion _ _ _ binds directly to dSyx16.
Cloning and sequence analysis of Drosophila syntaxin A second approach to examine the role of dSyx16 involved
16 a genetic approach in vivo. Each unique SNARE complex

SNARES serve as receptors for SNAP. We therefore decided wwuld at one stage be disassembled by the actions of SNAP
search for noveDrosophilaSNARES using
yeast two-hybrid screen witlDrosophile o o T . N

. i —-- ODDYGET 58
SNAP as bait. The cDNA ofiSNAP was h5§§16 : %A@REDMIELLAEQELDELADDEA?@GISLDPE GVTKRPE 1 60
obtained by RT-PCR, inserted downstreat
the GAL4 DNA-binding motif in the be

ITSTH : 118
OMFHRCQ @ 120

vector, and then used to screeDmasophile  qgyx16 - FH WMIEIE T KIS E L LEE F o RO DB DL
ovary cDNA library. Since active mer%bre h5§x16 : GVDEEDEGQ%ELESEEMT ORIT
fusion events (e.g. cellularization) that t
place at early stages of embryogenesis re
< dsyxle : BHCVRls s TB-veEMEQEIRTVHAVHCALLY) '8 g Lol S RN 197

O o s oty Corosime | PERCRE B R
cDNA library would be an excellent pc
for SNAREs. Indeed, after screen e e

. iy . g dsyxle @ JMEEDGGGAGAGDVFTNVELGEQEAENF NS FBRFROPPAEGESGNGY LFEDDEQATIDDHE & 237
approximately 2 million clones, we identific oo e ; e k vp_LDGTYHRG _____________________ ;198
in addition to two known syntaxins (dSy
and dSyx5), one novel syntaxin fan
member. This clone (#396) showed signifi g S AQ - = U.,] . 297
sequence similarity to mammalian syntaxit : QLY \EN-MFEREES ¢ 250
and was thought to carry the full-length cD
of Drosophila syntaxin 16at the time. B
probing a P1Drosophila high-density filtel T LTRI- : 352
we mapped the gene to 19E2-3 on th 2 IIVMGESR } AR
chromosom_e. The subseq_uent completio Fig. 1. Alignment of dSyx16 with hSyx16. The sequences are numbered on the right.
the DrOSC’ph,'Iagenome project (Adams et |qentical amino acids are shaded black. Conserved amino acids are shaded gray. A
2000) precisely located the gene to bi  potential transmembrane domain at the C-terminal end is underlined. The star below the
19D1-2. The completion of th®rosophile  residue Q indicates the central residue of the predicted coiled-coil. The heptad repeats
genome project also allowed us to examint  are numbered above the sequence.
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GST-dSvx16GST the dominant-negative effect derived from GAL4-driven
J overexpression of dSyx16 is not as prominent as that of NSF2.
; 2 3 : S Nevertheless, both biochemical and genetic studies argue that
i the dSyx16 is a functional component of the SNARE complex.
S AnG-GST y P P
— Anti-dSNAP Temporal and spatial localization of dSyx16

To determine the temporal distribution of dSyx16, embryos
Fig. 2.dSyx16 binds dSNAP in a concentration-dependent fashion. from Oregon Rwere collected every three hours after embryo
From lane 1 to 5, immobilized GST-dSyx16 or GST were incubated deposition (AED) and allowed to develop for up to 24 hours.
with 10, 4, 2, 0 and 1(g of recombinant dSNAP, respectively. Embryos were then lysed and equal amounts of total protein
Proteins on the glutathione beads were then eluted and subjected tQy oo separated by SDS-PAGE and then immunoblotted with
SDS-PAGE and wester blot analysis. affinity-purified anti-dSyx16, which was raised in rabbits
against His-dSyx16 1 329 This antibody recognized a 44 kDa

and NSF so that freed SNARESs can patrticipate in subsequdrand from fly lysates, slightly above the predicted molecular
rounds of fusion events. Blocking NSF function wouldmass of the polypeptide (40 kDa). The band disappeared if the
block the disassembly of the SNARE complexes andntibody was pre-incubated with recombinant dSyx16 (data
thereby interfere with membrane trafficking. For examplenot shown), indicating that the antibody is specific. Using this
overexpression of a dominant-negative form of NSF at thantibody, we were able to detect a similar level of dSyx16 in
wing margin resulted in a notch-wing phenotype in adult fliesall embryonic collections (Fig. 4A), suggesting a role for
presumably by inhibiting secretion/signalling during wingdSyx16 during embryogenesis. To examine the distribution of
development [(Stewart et al., 2001); Fig. 3B]. dSyx16 in late developmental stages, third instar larvae, pupae,

To genetically address whether dSyx16 interacts with NSRdults and imaginal discs were collected and subjected to
we took advantage of the observations that overexpression western blot analysis. As shown in Fig. 4B, dSyx16 was
a syntaxin (with or without its transmembrane motif) canexpressed at all stages examined and appeared to be more
specifically interfere with the membrane trafficking step thisabundant in the adult head than the adult body. In addition,
molecule is responsible for (Dascher and Balch, 1996dSyx16 was abundantly expressed in imaginal discs and other
Hatsuzawa et al., 2000; Low et al., 1998; Mallard et al., 2003jssues including CNS and salivary gland, where active
Nagamatsu et al., 1996; Nakamura et al., 2000; Wu et almembrane trafficking is required during development. That
1998). Two dSyx16 transgenic flies bearing either
amino acids 70 to 329 (UAS-dSyx?Pa° 329 or 70 tc
352 (UAS-dSyx18& © 353 ynder the control of tt
GAL4 upstream activating sequence were cre
Overexpression of the dSyx16 protein fragments il
wing margin was accomplished by crossing the |
lines with C96-GAL4, which expresses GAL4 proi
in the wing margin during wing development.
previously reported (Stewart et al., 2001), ect
expression of the dominant-negative form of N
under the control of C96-GAL4 gave rise to n
notches on the wing margin (compare Fig. 3B 1
3A), which were enhanced by specific alleles
dsyntaxin {Stewart et al., 2001). Overexpressior
the soluble dSyx16 (amino acid 70 to 329) did
appear to modify the notch-wing phenotype cai
by dominant-negative NSF2 (compare Fig.
and 3B). However, overexpression of dSy%LB 35
significantly enhanced the notch-wing phenol
(compare Fig. 3D and 3B). Since the two isofo
were expressed at a similar level (both isoforms c:
distinguished from the wild-type on western blot; «
not shown), it is unlikely that the expression levels
responsible for the differential effect on wing mal
development. One conceivable explanation is
unlike dSyx18° t© 329 which is dispersed in tl
cytosol, dSyx18° 1 352js delivered to its designat
location where its overexpression may sequi

Fig. 3.dSyx16 interacts genetically with NSF2 during wing margin

. ; development. Wings from wild-type fly (A) and flies overexpressing dominant-
other molecules needed for fusion. Interestir  pegative NSF2 alone (B) or together with soluble dSJ&PE2%(C) or
overexpression of dSyx1&t 352py itself does nc together with dSyx1# © 352(D) are shown. Several independent transgenic
lead to any noticeable defects in the wing ma lines inserted with either the soluble dSyx16 or dSy&P6*52were tested and

or elsewhere (data not shown), indicating the phenotypes shown in C and D have been consistently observed.
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A cytoplasm upon synthesis, since their membrane insertion is
« 5SS SE not coupled to translation but requires alternative mechanisms
&5 g x {.‘j ol 0;,\' & (Kim et al., 1999). To further determine whether dSyx16 is an
S Y~~~y integral membrane protein, the membrane fraction was treated
85888888 with KCI, N&COz (high pH), urea, Triton X-100 and SDS
R S S respectively. KClI and N&Os did not solublize dSyx16,
~— suggesting that dSyx16 does not bind loosely to the membrane
through ionic or hydrophobic interaction (Fig. 4C). Urea,
B o g § which disrupts hydrogen bonds, was able to extract a small
L, = 3 % fraction of dSyx16, a phenomenon also observed with human
N g N O g f= syntaxin 18 (Hatsuzawa et al.,, 2000). The fact that most
535 5 3 3 g 9= dSyx16 remained urea-insoluble excludes hydrogen bonding
< & 5 Qg X a3 F5F as a significant force that associates dSyx16 with membrane.
i ~— - Meanwhile, like many mammalian syntaxins (Wong et al.,
---" - - 1998), dSyx16 was soluble in SDS and partially soluble with
Triton X-100. Taken together, our data suggest that dSyx16 is
C probably an integral membrane protein and its partial
H:0  KCl NaxCOs Urea Triton SDS insolubility in Triton X-100 suggests that it may associate with
SPSP SPSPSPSPSP cytoskeletal elements (Beites et al., 1999).
We then went on to determine the subcellular localization
~- r ' “"' L of dSyx16 in salivary gland cells. We chose salivary glands

because our developmental western (Fig. 4B) showed that
Fig. 4.dSyx16 is a membrane protein expressed ubiquitously in ~ dSyx 16 was abundant in salivary gland cells, which are much
Drosophila Embryos after deposition (AED) were collected and  larger than cells from other tissues. We observed a punctate
allowed to develop for indicated period of time (A). Larvae, pupae, intracellular staining pattern in duct cells (Fig. 5), as well as
adults were collected and imaginal discs were dissected from third punctate staining amongst granules in secretory cells (data
instar larvae (B). All samples were lysed in SDS-homogenization not shown). It is evident that in duct cells the distribution
bUffc?r and Sl;JbJethtO ?DS}PAGE and We_sitgg‘ b|0thga:¥5iS- InC,  pattern of dSyx16 overlaps with that of p120, a widely used
crude membrane fraction from homogenizaegon radufts was Drosophila Golgi marker, although from time to time, very
ELeated with HO, KCI, NaCQs, Urea, Triton X-100 or SDS and small puncta were found to be positive for anti-dSyx16

en centrifuged to separate the soluble from the insoluble. AII _but not anti-p120. It is not known whether these fine

samples were re-suspended to the same volume before subjecting P : . g Lo
them to SDS-PAGE and western blot analysis. punctate structures are simply staining artefacts or specific to

duct cells. Similarly, in cultured Schneider (S2) cells, the

staining pattern of dSyx16 matches that of p120, although the
fact that dSyx16 is ubiquitously expressed throughout the lifevo do not overlap completely (Fig. 6E). Because pl120
cycle of Drosophilais consistent with its potential role as a colocalizes withf3-cop (Stanley et al., 1997), a cis-Golgi
Golgi SNARE, which has been suggested by studies on ifgrotein that shuttles between cis-Golgi and ER, we speculate
mammalian homologue Syx16 (Simonsen et al., 1998; Tang #tat dSyx16 may be localized to a compartment adjacent to
al., 1998). the cis-Golgi.

Amino-acid sequence analysis (Fig. 1) indicates that dSyx16 Human syntaxin 16 has been reported to localize on either
may associate with membranes through its C-terminahe cis-Golgi (Simonsen et al., 1998) or the trans-Golgi
hydrophobic domain. To confirm this, adult fly lysates werenetwork (TGN) (Mallard et al., 2002). Very recently, a possible
separated into soluble and membrane fractions byole for hSyx16 in early/recycling endosomes-to-TGN
centrifugation. Subsequent SDS-PAGE and western bldtansport has been reported (Mallard et al., 2002). In an attempt
analysis showed that although dSyx16 was predominant in the further clarify the localization of dSyx16, we treated S2 cells
crude membrane fraction, a small portion was present in theith brefeldin A (BFA), a fungal metabolite that disrupts ER-
soluble fraction (Fig. 4C). This is probably because of the fadb-Golgi trafficking. In mammalian systems, this drug causes
that dSyx16 carries only two amino acids following theGolgi markers to redistribute to the ER (Sciaky et al., 1997)
potential transmembrane domain. Proteins with similasnd TGN markers to aggregate around the microtubule
secondary structure are likely to be deposited into therganization center. As shown in Fig. 6D, dSyx16 formed

Fig. 5.dSyx16 distribution in salivary gland cells.
Salivary glands were dissected from third instar
lava, fixed in 4% paraformaldehyde and stained
with anti-dSyx16 (A) and anti-p120 (B). The
merged image is shown in C. Overlapping of large
puncta is indicated by filled arrow. Open arrows
point to a small punctate structure. Arrowheads
indicate nuclei. Scale bar, 1.




4452 Journal of Cell Science 115 (23)

dSyx16 distribution during cell division

In mammalian cells, most Golgi proteins are absorbed into the
ER during cell division so that they can be partitioned equally
into two daughter cells along with the ER (Roth, 1999;
Seemann et al., 2002; Zaal et al., 1999). This does not appear
to be the case with yeast Golgi, which exists as discrete units
throughout the cytoplasm (Preuss et al., 1992Prbsophilg

Golgi membranes do not undergo morphological changes
during early embryogenesis, although dispersion during
mitotic division has been reported in tissue culture cells
(Stanley et al., 1997). To investigate how dSyx16-containing
membrane behaves during rapid cell division, we examined the
distribution of dSyx16 irDregon Rtestes, which are enriched
with germ line cells at different stages of meiosis. In interphase
cells (Fig. 7), anti-dSyx16 highlighted distinctive puncta,
whereas anti-p120 frequently decorated ring structures. The
two different structures match well, further supporting previous
observations thatdSyx16 and pl120 are localized to two
different but adjacent (or even connected) organelles. During
anaphase, dSyx16 distribution became much more dispersed,
suggesting that the dSyx16-containing membrane is either
vesiculated or redistributed into the ER. Our results are
consistent with the notion that Drosophilathe mechanism

of Golgi inheritance is cell-type specific. It is still unclear why
multiple Golgi partitioning strategies were developed in fruitfly
but not other animals.

Overexpression of dSyx16 affects Golgi dynamics

To study the role(s) of dSyx16, we chose to use the
overexpression approach. As mentioned earlier, overexpression
of a syntaxin may inhibit the specific membrane fusion step
this syntaxin is assigned to without interfering with other
trafficking events. Studies on yeast (Banfield et al., 1994),
fruitfly (Wu et al.,, 1998) and cultured mammalian cells
(Dascher and Balch, 1996; Hatsuzawa et al., 2000; Low et al.,
1998; Mallard et al., 2002; Nakamura et al.,, 2000) have
demonstrated that the inhibitory effect can be obtained with
either the wild-type or the cytosolic form. However, we did not
observe any significant phenotype when we ectopically
o A expressed dSyx16 in a variety Dfosophilatissues. This is
by S5 ' -l probably due to the relatively low overexpression level
— permitted by the UAS-GAL4 system. Therefore, we went on
Fig. 6.dSyx16 localization in S2 cells. Cells treated with DMSo {0 transiently express dSyx16 in cultured S2 cells. By placing
(A.C,E,G) or brefeldin A (B,D,F,H) were fixed and co-stained with dSyx1éunder the control of the metallothionein promoter, we
antibodies against p120 (A,B) and dSyx16 (C,D). Note the small butexpected to see a significant increase in dSyx16 level upon
distinct punctate Golgi pattern in the absence of BFA and the big  copper induction. Three different forms of dSyx16 were used
aggregates with BFA treatment. Arrows point to the ring structure, to transfect S2 cells, full-length dSy»118 352 dSyx160 to 329
which can be observed at different focal planes in other cells. Scaleand dSyx18° ©© 352 After transfection, cells were induced
bar, 10uM. overnight with 1 mM CuS@®before they were fixed and then
stained with anti-myc (to detect transfected cells), anti-p120 or
anti-lava. In cells with relatively low expression levels, myc-
aggregates that associated frequently with ring structures thdByx16 maintained partial colocalization with p120 in the
only became evident upon BFA treatment (compare Fig. 6Golgi (data not shown). Overexpression of either dSyx16 or
with D). However, to our surprise, a similar effect on p120 waslSyx16° © 352caused the dispersal of p120 in more than 60%
also observed (compare Fig. 6A with B). The two aggregatesf the cells, whereas overexpression of the soluble form had
have distinct morphologies but maintain partial colocalizatiomo apparent effect on the Golgi marker (Fig. 8C,F). This
in most cells (Fig. 6F). Therefore, our data support the notioauggests that the first 69 amino-acid residues have little to do
that dSyx16 is a Golgi SNARE localized in a cisterna adjacenwith the negative effect caused by overexpression and that the
to cis-Golgi that may be the counterpart of the TGN intransmembrane domain is important for the phenotype. We also
mammalian cells. noticed that when dSyx1%t© 352was overexpressed, it was
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Fig. 7.dSyx16 distribution during cell division iDrosophilatestis. Testes fror@regan Rwere dissected and stained with anti-dSy¢A &),
anti-p120 (B) or propidium iodid@). A-D are interphase cells with intact nuclei arrows. dSyx16 is localized in distinct puncta (arrowhead).
E-H are anaphase cells with dSyx16 much more dispersed (open arrowhead). Occasionally, larger puncta can be obserued)(dpuegn arro
they are not comparable with those in interphase cells. Scale bag, 10

Fig. 8.Overexpression of
dSyx16 in S2 cells. S2 cells
transfected with myc-
dSyx160 1 329(A-C) or
myc-dSyx160 0 352(D-|)
were fixed and co-stained
with anti-myc (red channel)
and anti-p120 (green
channel, B,C,E,F) or anti-
Iva (green channel, H,l)
antibodies. The arrows
point to transfected cells.
Open arrowheads point to
non-transfected cells. Scale
bar, 10uM.
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no longer localized in large peri-nuclear puncta. Instead, it wamasshauer, D., Sutton, R. B., Brunger, A. T. and Jahn, R1998). Conserved
dispersed in numerous fine punctate structures throughoutstructural features of the synaptic fusion complex: SNARE proteins

the Cytoplasm. Interestingly, although overexpressing reclassified as Q- and R-SNARB&oc. Natl. Acad. Sci. US85, 15781-
0 10 352 poni N . 15786.
dSyxlé’ might affect the localization of the Golgi Fukuda, R., McNew, J. A., Weber, T., Parlati, F., Engel, T., Nickel, W.,

marker p120 or even itself, it did not appear to affect the Rothman, J. E. and Soliner, T. H.(2000). Functional architecture of an
distribution of lava-lamp (Fig. 8I), another protein known to be intracellular membrane t-SNARBlature 407, 198-202.

localized to the Golgl (Sisson et al. 2000). Two possibIE a2 Zl, o S miain 16, a SNAP recepior tat fncions n the
scenarios could account for this observation. First, the Golgi endoplasmic reticulum, intermediate compartment, and cis-Golgi vesicle

apparatus may still be intact upon dSyx16 overexpression.rafficking. J. Biol. Chem275 13713-13720.
Thus, the overexpression experiments did not simply disruptime, G. R., Brill, J. A. and Fuller, M. T. (1996). Assembly of ring canals
the entire secretory pathway but rather had an inhibitory effect in the male germ line from structural components of the contractileXing.

; e ; ; Cell Sci.109, 2779-2788.
on the dynamlcs of SpeCIfIC GO|g| proteins such as p12 ughson, F. M.(1999). Membrane fusion: structure snared at @sir. Biol.

However, since lava-lamp is a peripheral membrane proteing r4g'rsg.
associated with microtubules, we cannot rule out the possibilityann, R. and Sudhof, T. C(1999). Membrane fusion and exocytogisnu.
that anti-lva could decorate Golgi remnants even after Golq(ié;ev. Biochem68, 863-911.

membranes had been recycled. Future studies will be aimed & P- K., Hollerbach, C., Trimble, W. S., Leber, B. and Andrews, D. W.
1999). Identification of the endoplasmic reticulum targeting signal in

addressmg these issues. . vesicle-associated membrane protelhdBiol. Chem274, 36876-36882.
In yeast and mammals, syntaxin 5 has been shown f{gdsley, D. and zimm, G. G. (1992). The Genome of Drosophila

function in ER-to-Golgi trafficking. In mammals, syntaxin 16 melanogasterSan Diego: Academic Press.

and syntaxin 6 are thought to be localized to the late GoldioW. S- H., Chapin, S. J., Wimmer, C., Whiteheart, S. W., Komuves, L.

-~ _G., Mostov, K. E. and Weimbs, T.(1998). The SNARE machinery is
compartments and have recently been shown to recelVeinvolved in apical plasma membrane trafficking in MDCK cellCell Biol.

retrograde transport from the endosomes. Our overexpression 41 1503-1513.
studies provided evidence tHatosophilasyntaxinl6 is likely — Mmallard, F, Tang, B. L., Galli, T., Tenza, D., Saint-Pol, A., Yue, X., Antony,
to be involved in Golgi dynamics but have not precisely defined C.. Hong, W., Goud, B. and Johannes, L(2002). Early/recycling

; ; ; 3 ; i1~ endosomes-to-TGN transport involves two SNARE complexes and a Rab6
the role of this protein, because blocking traffic at either side isoform. J. Cell Biol, 156, 653-664.

of the_ GOlgi can pote_ntially disturb the distribu'giop of GOlgi Mayer, A. (1999). Intracellular membrane fusion: SNARESs or@y®#r. Opin.

proteins. Future work is warranted to address this issue as welell Biol. 11, 447-452.

as the functional relationship between dSyx16 and its partnergayer, A. (2001). What drives membrane fusion in eukaryotshds
Biochem. Sci26, 717-723.
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