


Y45S. Residues Leu-43 and Tyr-45 (corresponding to Leu-86
and Tyr-88 in chain A of the VAMP7 LD-Hrb136–176 crystal
structure) contribute the hydrophobic pocket on the surface of
the LD that binds Hrb, and mutation of these residues into
serines results in inhibition of the VAMP7-Hrb interaction
(32). In agreement with the hypothesis that the SNARE core
domain binds to the same surface region of the LD, residues
Leu-43 and Tyr-45 have strong chemical shift changes (in Fig.
1B, they correspond to the red-labeled residues in the �3), and
they are protected against solvent in the presence of the SNARE
core domain (Fig. 2B). The L43S/Y45S mutation results in a
reduction of the LD resonance perturbations observed forwild-
typeVAMP7 (Fig. 3A), confirming the key role of these residues
in the LD-SNARE core domain interaction.

To determine the minimal LD-binding site, we designed two
truncations, VAMP7(1–160) and VAMP7(1–150), corre-
sponding to the same length of the LD-binding sites found in
the crystal structures of VAMP7-Hrb and Sec22b (24, 32). We
also tested the contribution of the covalent linker between LD
and SNARE core domain by acquiring the 1H{15N}-HSQC
spectrum of 15N-labeled LD with an excess of non-labeled
SNARE core domain. With the exception of the VAMP7(1–
160) construct, whose HSQC spectrum is essentially that of
VAMP7(1–180), these constructs result in smaller chemical
shift perturbations and peak broadening when compared with
VAMP7(1–180) (Fig. 4), supporting fast exchange between
open and closed states. Our data show that the native, full-
length cytoplasmic domain of VAMP7 adopts a predominantly

FIGURE 3. Stability of the VAMP7 closed conformation. A, effect of different 15N-labeled recombinant constructs: VAMP7(1–118) (black), VAMP7(1–180)-
L43S/Y45S (orange), and VAMP7(1–180) (cyan). Thecolor-coded bar diagramin the top left cornerindicates the boundaries of these three constructs for which
the spectra are shown with respect to the domain architecture of full-length VAMP7, residues 1–220: LD, SNARE core domain, and transmembrane domain
(TM).Black starson the orange barrepresent the L43S/Y45S point mutations. An overlay of the 1H{15N}-HSQC spectra of these proteins is shown with matching
colors for seven representative regions of the spectra. Black arrowsindicate resonance perturbation trends from closed to open conformation. B, effect of ionic
strength on 15N-labeled VAMP7(1–180) in 100 mM NaCl (cyan), 250 mM NaCl (green), 400 mM NaCl (orange), 700 mM NaCl (red), and 1000 mM NaCl (purple)
(legend in top left corner).Two red arrowson the ribbon diagram point to the position of residues Gly-22 and Tyr-45 in the LD (gray) as found in the crystal
structure of VAMP7 LD in complex with the Hrb136 –176 fragment of the protein (yellow) (PDB ID 2VX8) (32). The1H{15N}-HSQC resonances for these 2 residues
at the five saline conditions are superimposed and shown on the right with colors matching the legend. C, effect of temperature on15N-labeled VAMP7(1–180).
Spectra were acquired at 25 °C (cyan), 37 °C (purple), 42 °C (red), and 50 °C (orange) (legend intop left corner). An overlay of the1H{15N}-HSQC spectra of
VAMP7(1–180) at these temperatures is shown with the same spectral regions of panel Ato illustrate the opposite shift perturbation trend (from closed toward
open state) indicated by the black arrows.

FIGURE 4. Effect of sequence specificity, construct length, and covalent linkage on the LD-SNARE core interaction. The effect of truncation and mutation
of 15N-labeled VAMP7 constructs on LD resonances is shown as follows: VAMP7(1–118) (black), VAMP7(1–150) (yellow), VAMP7(1–160) (purple), VAMP7(1–180)-
L43S/Y45S (orange), VAMP7(1–180) (cyan), and VAMP7(1–118) (green) incubated with non-labeled VAMP7(119 –180) (dashed gray line). Thecolor-coded bar
diagram in the top left cornerindicates the boundaries of these six constructs for which the spectra are shown with respect to the domain architecture of
full-length VAMP7, residues 1–220: LD, SNARE core domain, and transmembrane domain (TM).Black starson the orange barrepresent the L43S/Y45S mutation
from the canonical amino acid sequence of VAMP7. An overlay of the 1H{15N}-HSQC spectra of these proteins is shown with matching colors in seven
representative regions of the spectra (same regions shown in Fig. 3, A and C). The three panels on the left are shown with lower contour levels to display
broadened resonances. Black arrowsindicate the chemical shift perturbation trends from the closed to the open conformation.
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closed conformation that requires at least the N-terminal 160
residues of VAMP7 to be detectable and that VAMP7 is fully
stabilized in the closed state by the C-terminal 20 residues pre-
ceding the transmembrane domain.
VAMP7 adopts a stable, closed conformation without any

known auxiliary proteins required to stabilize it. By contrast, a
modest increase in ionic strength (150mMNaCl) is sufficient to
destabilize the closed conformation of Syntaxin 1A in the
absence of Munc18 (15). Hence, we investigated the stability of
the closed conformation of VAMP7 with respect to the ionic
strength to compare these two systems.We titratedVAMP7(1–
180) in 100, 250, 400, 700, and 1000 mM NaCl and recorded a
1H{15N}-HSQC spectrum for each condition. Intriguingly,
none of these conditions achieved an opening of the closed
conformation (Fig. 3B). Such resistance to ionic strength is
likely due to the hydrophobic character of the �1-�3 pocket, in
particular, residues Phe-25, Val-28, Ile-32, Leu-43, Tyr-45, and
Phe-52.
We further investigated the stability of the closed conforma-

tion of VAMP7 by monitoring the effect of increasing temper-
ature (25, 37, 42, and 50 °C) on the 1H{15N}-HSQC spectrum of
VAMP7(1–180) (Fig. 3C). The increase of temperature causes a
progressive although incomplete shift of the LD resonances
toward their respective “open state” values (i.e. isolated LD),
with the 37, 42, and 50 °C spectra representing a predominantly
closed, an intermediate, and a predominantly open conforma-
tion, respectively. In analogywith the increase of ionic strength,
the temperature effect is larger for Gly-22 than for other resi-
dues such as Tyr-45, which still shows interaction with the
SNARE core domain at 50 °C. Taken together, VAMP7 adopts a
stable, closed conformation in solution even in the absence of
any known accessory proteins.
We observed spontaneous SNARE complex assembly dur-

ing incubation of either VAMP7(1–160) or VAMP7(1–180)
with SNAP25 and Syntaxin 1A in vitro (data not shown),
consistent with a previous report (31). Our hydrogen/deute-
rium exchange experiments show poor protection for LD-�1
residues Val-28 and Gln-31 (Fig. 2B, green residues in the
ribbon diagram) and no protection for Phe-25 and Gly-22,
located in the N-terminal portion of �1 and the �2-�1 loop,
respectively. This is consistent with higher sensitivity of
Gly-22 to salt and temperature increases (Fig. 3, B and C).
We speculate that the C-terminal LD-binding site would
therefore be available for initiating SNARE complex assem-
bly. Once interactions with the other SNAREs have been
initiated, the remainder of the VAMP7 SNARE core domain
will then participate in the complex assembly as a result of
local conformational fluctuations.

DISCUSSION

The longin v-SNAREs Ykt6, VAMP7, and Sec22b are char-
acterized by an autoinhibitory intramolecular interaction
between the LD and the SNARE core domain. In Ykt6, lipida-
tion contributes to regulate this interaction by stabilizing a
cytosolic closed conformation and likely allowing opening tran-
sitions upon anchoring to the membrane (27, 29, 30). Instead,
Sec22b andVAMP7 are permanently inserted in themembrane
through a transmembrane region (24, 30, 32, 39).

In this study, we conclusively show that VAMP7 adopts a
stable, closed conformation in solution. We also show how its
stability depends on the full extent of the SNARE core domain,
although not all residues of the SNARE core domain contribute
equally to the interaction. Although lipidation provides cytoso-
lic Ykt6 with a larger interaction surface between the LD and
the SNARE core, we show here that a stable, dominantly closed
conformation is also possible for transmembrane longin
v-SNAREs in the absence of lipidation; unlike what was shown
for Ykt6 (30), we do not observe dodecylphosphocholine bind-
ing to VAMP7 (data not shown). This observation is consistent
with the hypothesis that cytosolic longin v-SNAREs require a
stricter autoinhibition than membrane-bound ones to prevent
unspecific SNARE core pairing (30). Available data are consis-
tent with the conservation of a closed conformation of longins
(with the exception of the Saccharomyces-specific Nyv1p) (34).
Together with previous studies of syntaxins, we can compare
the two different autoinhibitory SNAREs. Despite the concep-
tual analogy of open and closed states, these two SNAREs differ
in terms of conservation and stability of the closed conforma-
tion. In contrast with longins, the existence of a closed con-
formation in solution is not conserved in syntaxins (10–13).
Additionally, in a subset of syntaxins that adopt a closed con-
formation, the closed conformation is only marginally stable
and can be easily disrupted, e.g. by favoring intermolecular
SNARE core pairing at higher ionic strength (15). The sensitiv-
ity to solution conditions and the intrinsic flexibility of the syn-
taxin C terminus likely explain the differences in energetics and
kinetics between open and closed states obtained in previous
fluorescence correlation spectroscopy and NMR studies (14,
15). Syntaxins require accessory SM proteins to be held in an
“arrested” closed state that inhibits SNARE complex formation.
In vitro, VAMP7 can form SNARE complex with the specific

target-SNAREs. The higher stability of the closed state for
VAMP7 when compared with syntaxins poses the question of
whether longins require accessory proteins to further stabilize
an arrested state to inhibit SNARE complex formation in vivo
or whether the LD is sufficient to provide a similar inhibiting
role to syntaxins, even without additional SM proteins.
Although the interaction between LD and SNARE core might
be sufficient tomodulate SNARE complex assembly, we cannot
exclude that an unknown protein factor destabilizes this inter-
action to achieve the timely SNARE complex assembly in vivo
as suggested (35). It is also possible that SNARE assembly reg-
ulation is entirely different for SNARE complexes involving
VAMP7. Our results have provided the molecular foundation
to address these questions in future experiments.
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SUPPLEMENTAL DATA 
 
Supplementary Figure S1. Backbone assignment of the LD in VAMP7(1-118) and VAMP7(1-
180). A. 1H-13C strips of CBCA(CO)NH and HNCACB spectra are shown for the N-H chemical 
shifts corresponding to the first seven N-terminal amino acids of the VAMP7(1-118) construct. 
14 strips are arranged in pairs (HN(CO)CACB on the left and HNCACB on the right) that are 
sequentially aligned. Each pair of strips was taken at the 15N plane corresponding to the amide 
15N chemical shift of the residues indicated below the strips in red boxes. Black lines illustrate the 
connectivity between sequential Cβ (upper lines) and Cα (lower lines), that produced the 
assignment of the resonances for the VAMP7a(1-7) region. B. 1H-13C strips of HN(CO)CA and 
HNCA spectra are shown for the N-H chemical shifts corresponding to the first seven N-terminal 
amino acids of VAMP7(1-180). 14 strips are arranged in pairs (HN(CO)CA on the left and 
HNCA on the right) that are sequentially aligned. Each pair of strips was taken at the 15N plane 
corresponding to the amide 15N chemical shift of the residues indicated below the stripes in red 
boxes. Black lines illustrate the connectivity between sequential Cα. 
 
Supplementary Figure S2. LD dimerization. A. Overlay of the 1H, 15N-HSQC spectra of 18 µM 
(black) and 450 µM (magenta) VAMP7(1-118).	
   For the 18 uM spectrum (black), the HSQC 
experiment was set to select only for NH resonances. Top left corner: summary of 1H and 15N 
combined chemical shift changes in the VAMP7 LD induced by LD dimerization. The combined 
1H and 15N chemical shift changes are defined as Δppm = [(ΔδHN)2 + (ΔδN x αN)2]1/2, where ΔδHN 
and ΔδN are chemical shift differences of amide proton and nitrogen chemical shifts of the 
VAMP7 LD in the two different concentrations. The scaling factor (αN) used to normalize the 1H 
and 15N chemical shifts is 0.17. B. Elution profile of SEC-MALS of the isolated LD. Molar mass 
(red profile) and absorbance at 280 nm (black) (0.5 ml/min).	
  






