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Abstract 

Syntaxins are transmembrane proteins that function in regulating transport vesicle docking 
and fusion with target membranes in neuronal and nonneuronal cells. Vesicle docking is 
thought to be regulated in part by the specific interactions of syntaxin with a vesicle-associated 
membrane protein termed synaptobrevin/VAMP. We have cloned a 1557-bp cDNA that 
encodes the human syntaxin 5 isoform, using a combination of PCR and colony-screening 
methods. The deduced 301 amino-acid sequence of human syntaxin 5 shares 96% identity with 
rat syntaxin 5. Like rat syntaxin 1A, human syntaxin 5 binds to synaptobrevin/VAMP in vitro. 
The identification of human syntaxin 5 as a synaptobrevin/VAMP-binding protein supports 
the hypothesis that syntaxin 5 regulates protein transport by binding to vesicle-associated mem- 
brane proteins. 

Index Entries: Syntaxin; synaptobrevin; SNAP-25; vesicular transport. 

Docking of synaptic vesicles with the presyn- 
aptic plasma membrane is thought to be mediated 
in part by the binding of vesicle-associated mem- 
brane proteins (members of the synaptobrevin/ 
VAMP family) with the presynaptic plasma mem- 
brane proteins syntaxin and SNAP-25. Together, 
these three proteins form a complex that functions 
as a receptor for the vesic le /membrane fusion 

machinery, so that, following vesicle docking, 
membrane fusion can occur (reviewed in Rothman, 
1994). These findings have been extended to cells 
outside of the nervous system, and it is currently 
believed that homologous synaptobrevin/VAMP, 
syntaxin, and SNAP-25-1ike proteins regulate 
vesicle-mediated protein transport along the 
secretory pathway in all cell types. 
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Fig. 1. Comparison of the deduced amino acid sequences of human and rat syntaxin 5. Numbering begins at 
the methionine start codon of each syntaxin. Vertical bars represent amino acid identity between the syntaxins; 
conservative amino acid changes (K and R, S and T, V and I) are represented by colons. The carboxy-terminal 
hydrophobic domain of syntaxin is indicated by underscore. 

In an attempt to identify syntaxin family mem- 
bers capable of regulating vesicle docking and 
fusion, Bennett et al. (1993) isolated multiple 
syntaxins from various rat tissues. One of these 
syntaxins, syntaxin 5, is almost 50% identical to 
other rat syntaxins and nearly 60% identical to 
SED5, a syntaxin-like yeast gene that functions 
in endoplasmic reticulum-to-Golgi transport in 
yeast. Syntaxin 5 is localized in the cis-Golgi 
region of cells (Bennett et al., 1993) and has also 
been shown to positively regulate endoplasmic 
reticulum-to-Golgi transport in vitro (Dascher et 
al., 1994). 

Given its localization early in the secretory 
pathway, we set out to determine if syntaxin 5 is 
conserved among mammals. Using a human syn- 
taxin 5 probe generated by PCR (corresponding to 
rat syntaxin 5 amino acids 116-286), we screened 
200,000 colonies of an EBV-transformed human 
lymphocyte cDNA library (Clontech, Palo Alto, 
CA) to obtain a full-length human syntaxin 5 
clone. The filters were hybridized in duplicate, 
using 32p-labeled syntaxin 5 probe in Quick-Hyb 

(Stratagene, La Jolla, CA) for2  h at 55°C, and 
washed three times in 2X SSC, 0.1% SDS at 55°C 
(Ravichandran et al., 1996). The deduced amino 
acid sequence of the human syntaxin 5 cDNA 
(GenBank accession number U26648) shares 96% 
identity and 98% similarity with rat syntaxin 5 
(considering conservative amino acid substitu- 
tions; Fig. 1). The extensive homology between the 
human and rat syntaxin 5 isoforms supports the 
hypothesis that syntaxin 5 is a highly conserved 
gene necessary for vesicular transport in the early 
secretory pathway. 

Despite sharing approx 50% amino acid iden- 
tity with other rat syntaxin family members, direct 
interactions of syntaxin 5 with other regulators of 
vesicular transport, namely synaptobrevin/VAMP 
or SNAP-25, have not been demonstrated. Previ- 
ous studies have shown that isolated syntaxin pro- 
teins, such as syntaxin 1A, can efficiently bind to 
glutathione-S-transferase (GST)-fusion proteins of 
synaptobrevin/VAMP or SNAP-25 in vitro. To 
determine if syntaxin 5 is also capable of binding 
to synaptobrevin/VAMP or SNAP-25 directly, we 
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Fig. 2. Binding of Syntaxin 1A and Syntaxin 5 to 
VAMP and SNAP-25 in vitro. Approx 3 ~g of bacteri- 
ally expressed GST, GST-VAMP2, or GST-SNAP-25 
fusion proteins were incubated with equal amounts of 
3SS-labeled in vitro-translated rat syntaxin 1A or 
human syntaxin 5 at 4°C, washed, and analyzed by 
SDS-PAGE (Ravichandran et al., 1996). The amount 
of syntaxin bound to the immobilized GST fusion pro- 
teins is shown. The gels were stained with Coomassie 
blue to confirm equal loading of each GST fusion pro- 
tein (lower panel) and were subjected to autoradi- 
ography to detect bound syntaxin (upper panels). 
One-tenth of the amount of each 35S-labeled syntaxin 
present in each binding reaction was also run on each 
gel to help control for translation differences between 
syntaxin 1A and syntaxin 5. The position of syntaxin 
1A and syntaxin 5 is indicated. 

between rat and human syntaxin 5 is consistent 
with an essential role for this protein in mamma- 
lian cells. In addition, we have demonstrated for 
the first time that, like other syntaxins, syntaxin 5 
is capable of binding to synaptobrevin/VAMP in 
vitro, suggesting that this protein is a syntaxin, 
not only based on sequence similarity, but also 
by function. Unlike other syntaxins, however,  
syntaxin 5 does not bind efficiently to the target 
membrane protein SNAP-25 in vitro. It remains to 
be seen if the poor binding of syntaxin 5 to SNAP- 
25 in some way further enhances the specificity of 
endoplasmic reticulum-to-Golgi vesicle-mediated 
protein transport in mammalian cells. 
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