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Do SNAREs regulate specificity?



Jahn &Scheller 
Nat Rev Mol Cell 
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Growth and secretion are polarized, but t-SNAREs are not localized
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The N-terminal domain of Sso1 regulates SNARE complex assembly
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Interact with specific Rabs and SNAREs to:
Physically “tether” vesicle to target membrane?
Provide quality control to ensure correct vesicle and target membranes fuse?

“Tethering” complexes



Sallah & Munson, submitted

Functional roles for the exocyst



Model of the yeast exocyst  (Sec6/Sec8) complex

Munson & Novick, Nat Str Mol Biol 2006



Crystal structure of the Sec6 C-terminal domain
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Other exocyst structures

Exo70/Exo84CT:  Dong, et al. Nat Str Mol Biol 2005
Sec15CT:  Wu, et al., Nat Str Mol Biol 2005 
Sec6CT:  Sivaram, et al., Nat Str Mol Biol 2006



Similarity between Sec6CT and the other exocyst structures



Differences between Sec6CT and the other exocyst structures
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Divergent or convergent evolution?
Same helical bundle topology



Croteau, Furgason, Devos & Munson,
PLoS ONE 2009

All of the exocyst subunits are predicted to have similar 
helical bundle structures



Similarity between the exocyst and other tethering complexes (CATCHR)

Cavanaugh et al., JBC 2007
Richardson et al., PNAS 2009

Cai et al., 
Cell 2008

Ren et al., Cell 2009

Pérez-Victoria et al.,  
PNAS 2010
Vasan et al., PNAS 2010

Exo70/Exo84CT:  Dong, et al. Nat Str Mol Biol 2005
Sec15CT:  Wu, et al., Nat Str Mol Biol 2005 
Sec6CT:  Sivaram, et al., Nat Str Mol Biol 2006



Similarity between the exocyst and Myo2 cargo-binding domain

Pashkova, et al., EMBO J 2006
Jin, et al., Dev Cell 2012



Similarity between the exocyst and Munc13, a neuronal SNARE regulator

Li et al., Structure 2011



How does the exocyst assemble and does it tether secretory vesicles?

Unfixed Glutaraldehyde
fixed

Hsu et al, Neuron (1998)



How does Sec6 bind to other partners?
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Conserved surface residues are required to anchor the 
exocyst at sites of secretion

Songer & Munson, MBC 2009



Conserved surface residues are required to anchor the 
exocyst at sites of secretion



Does Sec6 regulate SNARE complex assembly?
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Sec6 binds to the t-SNARE Sec9 (SNAP-25);
the C-terminal domain of Sec6 is not sufficient

Sec9

Sso1

Sivaram, et al., Biochemistry 2005 
Morgera et al. MBC 2011



Sec6 binds to the t-SNARE Sec9

Coomassie stained Western blots

* *

M. Dubuke
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Sec6 binds to the t-SNARE Sec9

M. Dubuke,
S. Shaffer, S. Maniatis



Sec6 inhibits SNARE assembly

What releases the Sec6 inhibition?



Sec1/Munc18 (SM) family of SNARE regulatory proteins

Furgason et al., PNAS 2009
with Nia Bryant (U Glasgow)

Chave Carr 
(Texas A&M)
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SM proteins bind SNAREs and SNARE complexes

(interactions have also been detected with non-syntaxin SNAREs)
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Yeast exocytic Sec1 binds SNARE complexes
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Yeast exocytic Sec1 binds SNARE complexes

a. Sec1 binds SNARE 
complexes

b. Stimulates in vitro 
fusion of liposomes

c. Is mislocalized in 
exocyst mutants

d. Weak binding to 
exocyst complexes



Sec6 interacts with the SNARE regulator Sec1

Morgera et al., MBC 2011



Sec1 competes 
with Sec9 for 
binding to Sec6

Morgera et al., MBC 2011

Sec1 does not 
release Sec6 
inhibition



Sec1 binds to exocyst-bound Sec6; Sec9 competes

Morgera et al., MBC 2011



Gel filtration of yeast lysates

Michelle Dubuke
(Morgera et al., MBC 2011)



Sec6, Sec1 and the exocyst complex co-operate
to regulate specific SNARE complex assembly

Opener
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Every SM protein functions with a tethering complex?



Munc13 can function to release Munc18’s inhibition of Syntaxin

Ma et al., Nat Str Mol Biol 2011

Could the exocyst-Sec1 complex be the opener?



• Sec6 has a conserved helical bundle structure, similar to 
subunits from other tethering complexes

• Patches of conserved residues on Sec6 are necessary for 
anchoring the exocyst at sites of secretion

• Sec6 binds the plasma membrane SNARE Sec9, and the 
SNARE regulator Sec1 in order to regulate SNARE complex 
assembly

Conclusions
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“Structure” of the mammalian exocyst complex

Unfixed

Glutaraldehyde
fixed

Thyroglobulin control

Hsu et al, Neuron (1998)


