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ABSTRACT: TeNT is the causative agent of the neuroparalytic disease tetanus. A key component of TeNT
is its light chain, a Zn2+ endopeptidase that targets SNAREs. Recent structural studies of closely related
BoNT endopeptidases indicate that substrate-binding exosites remote from a conserved active site are the
primary determinants of substrate specificity. Here we report the 2.3 Å X-ray crystal structure of TeNT-
LC, determined by combined molecular replacement and MAD phasing. As expected, the overall structure
of TeNT-LC is similar to the other known CNT light chain structures, including a conserved thermolysin-
like core inserted between structurally distinct amino- and carboxy-terminal regions. Differences between
TeNT-LC and the other CNT light chains are mainly limited to surface features such as unique electrostatic
potential profiles. An analysis of surface residue conservation reveals a pattern of relatively high variability
matching the path of substrate binding around BoNT/A, possibly serving to accommodate the variations
in different SNARE targets of the CNT group.

TeNT1 is produced by the anaerobic bacteriumClostridium
tetani and is considered a significant health threat to both
humans and animals (1-4). Neuronal intoxication by any
member of the CNT group (including TeNT and BoNT
serotypes A-G) substantially reduces the probability of
quantal neurotransmitter release at presynaptic nerve termini
by inhibition of Ca2+-dependent, K+-evoked synaptic vesicle
exocytosis (5, 6). The CNTs share a common dual-chain
architecture: a 100 kDa heavy chain is responsible for
neurospecific cell surface binding and facilitates translocation
of a 50 kDa light chain into nerve cytosol (7-9). Impaired
exocytosis is attributed to the proteolytic activity of the light
chains (10-13). These endopeptidases exhibit exquisite
specificity to hydrolyze the essential SNARE components
of the neuronal fusion machinery at distinct target sites (14-
16).

The SNARE proteins synaptobrevin, syntaxin, and syn-
aptosomal-associated protein of 25 kDa (SNAP-25) are
requisite for neurotransmitter release; their assembly into a
low-energy ternary core complex leads to fusion of neu-
rotransmitter-laden vesicles with the active zone in the
presynaptic membrane (17, 18). Proteolysis of SNAREs
attenuates Ca2+-dependent exocytosis either by destabiliza-

tion of the ternary complex or by interference with recruit-
ment of a Ca2+ sensor (19, 20). TeNT and BoNT light chains
differ in terms of the particular SNARE target and cleavage
site, but their activity has a similar inhibitory effect on
exocytosis. Notably, CNTs will block secretion from non-
neuronal cells if artificially introduced into their cytosol,
suggesting that the CNT light chains are general SNARE
proteases, while neurospecificity is a function of the toxin
heavy chains (21). Ultimately, the clinical manifestation of
CNT intoxication depends on the subset of neurons to which
the light chains are delivered. This is best illustrated by a
comparison of TeNT and BoNT/B; their light chains share
52% sequence identity and hydrolyze the same peptide bond
of the same SNARE target, synaptobrevin. While BoNT/B
binds and acts at neuromuscular junctions, TeNT is trans-
ported away from the peripheral nervous system and instead
acts at inhibitory synapses due to properties of its heavy chain
(22). Thus, TeNT intoxication results in spastic paralysis
while BoNT/B and other BoNTs cause flaccid paralysis.

The structural basis of CNT light chain SNARE specificity
is only now becoming clear. To date, apo crystal structures
have been determined for the light chains of BoNTs A, B,
and E (23-25), and an enzyme-substrate complex has been
determined for BoNT/A (26). Additionally, full-length
structures containing both heavy and light chains have been
determined for BoNT/A and BoNT/B (27, 28). The substrate
reported in the crystal structure of BoNT/B (24) has been
shown to be absent (26, 29). We found that BoNT/A-LC
depends on a extensive array of substrate-binding exosites
located around the endopeptidase’s surface for proper
substrate recognition (26). Specifically, SNAP-25 binding
to BoNT/A-LC follows a path similar to the toxin’s “belt”
region which links the heavy and light chains prior to
translocation of the light chain (26, 27, 30). The means by
which the different light chains discriminate between their
different SNARE targets remain unclear, however. Also, the
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extensive substrate interface observed in BoNT/A raises the
question of howClostridia acquired functional SNARE-
binding exosite arrays by conventional Darwinian vertical
inheritance. In a continuing effort to address these questions,
we describe here the crystal structure of TeNT-LC. We
obtained insights for the basis for discrimination between
different SNARE targets among CNTs by analysis of regions
implicated in substrate recognition.

MATERIALS AND METHODS

Protein Purification. Plasmid DNA pOG-7 encoding
TeNT-LC was kindly provided by Richard Scheller (Stanford
University). Residues 1-442 were amplified from the
plasmid template by polymerase chain reaction (PCR) with
the following oligonucleotides (underlining indicates restric-
tion sites): (a) 5′-GATATCCATATGATGCCGATCAC-
CATCAACAACTTCCGTTACTCCGACCC-3′ correspond-
ing to the 5′-end and (b) 5′-GAGCTCGGATCCTTAGATGA-
TTTTTTTGCACAGACCGATCAGTTTGGAAACCAGA-
CCGGAA-3′ corresponding to the 3′-end of TeNT-LC. The
resulting PCR product was digested withNdeI and BamHI
(New England Biolabs) and inserted into the pET-28a
expression vector (Novagen).

Recombinant TeNT-LC was expressed as an N-terminal
hexa-His-tagged protein in Rosetta cells (Novagen) at 30°C
in a BIOFLO 3000 fermentor (New Brunswick, NJ) using
ECPM1 medium in the presence of 50 mg/mL kanamycin
sulfate and 30µg/mL chloramphenicol. Following a 3 h
induction period, cells were harvested by centrifugation. Cells
were immediately flash-frozen in liquid nitrogen and stored
at -80 °C.

Frozen cell pellets were resuspended in a 1:5 (w/v) ratio
of lysis buffer (20 mM HEPES, pH 7.4, 100 mM NaCl, 1
mM DTT). Protease inhibitors added to the lysis buffer
included 1 mM PMSF and EDTA-free complete protease
inhibitor cocktail tablets (Roche). Cells were lysed via two
passes through an M-110EH microfluidizer processor (Mi-
crofluidics) at 18000 psi. Insoluble debris was removed from
the lysate by centrifugation in a JA-20 rotor (Beckman) at
19500 rpm for 45 min. Each 200 mL portion of clarified
lysate was incubated with 25 mL of Ni-NTA agarose resin
(Qiagen) in batch for 4 h at 4°C before being washed with
10 column volumes of washing buffer (20 mM HEPES, pH
7.4, 500 mM NaCl, 1 mM DTT). Bound protein was eluted
with 25 mL of elution buffer (20 mM HEPES, pH 7.4, 200
mM imidazole, 100 mM NaCl, 1 mM DTT). His tags were
removed by adding bovineR-thrombin (Haematologic Tech-
nologies) directly to the elutant, which was then dialyzed
overnight against 20 mM HEPES, pH 7.4, 100 NaCl, and 1
mM DTT. The thrombin-cleaved product, which retained five
N-terminal residues as a cloning artifact, was further purified
(>95%) by anion-exchange (Amersham-Pharmacia monoQ
resin) chromatography. Purified TeNT-LC was quantified by
UV/vis spectroscopy at 280 nm, based on its theoretical
extinction coefficient in denaturing conditions. Proteolytic
activity of the TeNT-LC was qualitatively verified by
incubation with synaptobrevin residues 1-96; cleavage
products were observed on an Omni-Flex MALDI mass
spectrometer (Bruker).

Crystallization and Structure Determination.TeNT-LC
was concentrated to 20 mg mL-1 in a solution of 50 mM

HEPES, pH 7.4, 100 mM sodium chloride, and 1 mM DTT.
Crystals of TeNT-LC were grown by hanging-drop vapor
diffusion over a 0.5 mL resevoir of 20% (w/v) PEG 3350
and 200 mM magnesium nitrate at 20°C over a period of
4-5 days. Crystals grew in clusters of needles that could be
separated into individual needles approximately 0.20× 0.02
× 0.02 mm3 in size. Individual needles were soaked for 2 h
in artificial mother liquor supplemented with 20 mM ZnSO4

to maximize Zn2+ occupancy and were then flash-frozen after
brief exposure to an 18% glycerol cryoprotectant. Extensive
attempts to solve an enzyme-substrate complex for TeNT/
LC were unsuccessful due to severe nonmerohedral twinning
in TeNT-synaptobrevin cocrystals.

Table 1: Data Collection and Refinement Statistics for TeNT-LC

(A) cell parameters
space group C222
a, b, c (Å) 105.4, 176.9, 57.2

(B) data collection statisticsa

λ1 λ2
wavelength (eV) 9673 10400
resolution range (Å) 40-2.2 40-2.2
unique reflections 27585 27597
multiplicity 9.2 (9.3) 9.2 (9.0)
completeness (%) 99.9 (99.8) 99.9 (99.9)
Rsym

b (%) 6.60 (32.7) 6.80 (34.7)
I/σ 8.5 (1.9) 7.7 (1.7)
source/detector SSRL 9.2/ADSC

Quantum-315
integration/scaling software MOSFLM/SCALA

(C) molecular replacement
search model

1F82.pdb

(D) Zn2+ MAD phases
figure of merit (FOM)

centrics 0.47 (0.29)
acentrics 0.35 (0.22)
all 0.36 (0.22)

density-modified mean FOM 0.92
(E) model statistics

resolution 40-2.3
Rfree

c 0.214
Rworking

c 0.208
rmsd, bonds (Å) 0.0066
rmsd, angles (deg) 1.32
rmsd, dihedrals (deg) 22.71
rmsd, impropers (deg) 0.79
Ramachandran plot

most favoredφ-ψ (%) 85.5
additionally allowed 14.5
generously allowed 0.0
disallowed 0.0

disordered residues 1, 209-220,
253-262, 428-442

Luzatti coordinate error
(cross-validated) (Å)

0.28

Luzatti coordinate error (Å) 0.25
σA coordinate error

(cross-validated) (Å)
0.17

σA coordinate error (Å) 0.16
averageB-factor (Å2) 36
range ofB-factors (Å2) 9-114
no. of protein residues 425
no. of Zn2+ 2
no. of water molecules 328
a Numbers in parentheses represent values for the highest resolution

bin. b Rsym ) ∑h∑i|Ihi - 〈Ih〉|/∑h∑i|Ihi|. c Rworking) ∑hkl|Fo - Fc|/∑hkl|Fo|,
andRfree is equivalent toRworking but is calculated for a randomly chosen
5% of reflections excluded from model refinement. The low gap
betweenRworking andRfree was achieved by using the MLHL target with
MAD phases and setting the occupancies of disordered residues to zero.
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Anomalous diffraction data were collected on a Quantum-
315 CCD detector (Area Detector Systems) at beamline 9-2
at the Stanford Synchrotron Radiation Laboratory (SSRL).
Diffraction was observable to approximatelydmin ) 2.0 Å.
Exploiting TeNT-LCs endogenous zinc, a multiwavelength
anomalous dispersion (MAD) experiment around the zinc
K-edge was carried out in order to obtain experimental phases
(31). Oscillation diffraction data at two wavelengths (9673
and 10400 eV) were collected in 10° wedges over a 120°
range using inverse beam geometry. Data collection statistics
are shown in Table 1.

An initial MR solution was found using coordinates from
BoNT/B-LC (1F82.pdb) (24) against TeNT-LC diffraction
data at 20-4 Å resolution. The locations of two anomalously
scattering Zn2+ were identified by anomalous difference
Fourier analysis using phases derived from the molecular

replacement solution. MAD phases extending to 2.3 Å were
calculated and combined with available MR phases, yielding
highly interpretable electron density. Phasing and refinement
statistics are shown in Table 1.

Model building was performed using the program O (32).
The initial model, derived from the MR solution, was refined
with cycles of simulated annealing with torsion angle
dynamics (33) and restrainedB-factor refinement (34) using
the MLHL maximum likelihood target function with native
amplitudes and MAD phase probability distributions (35)
followed by manual rebuilding. The progress of model
refinement was monitored by cross-validation usingRfree (36),
which was computed from a randomly assigned test set
comprising 5% of the data. All refinement calculations were
performed using CNS (37). The crystal structure consists of
one model in the asymmetric unit. Disordered loop regions

FIGURE 1: Overall TeNT-LC structure compared to thermolysin and other CNT light chains. (a) A wall-eyed stereoview of an overall CR
alignment of light chain structures from BoNT/A (green), BoNT/B (blue), and BoNT/E (cyan) with TeNT (red) demonstrates the high level
of structural similarity between the CNT light chains. Disordered loop regions were excluded from the alignment. (b) A wall-eyed stereo
ribbon diagram of TeNT-LC is shown aligned with thermolysin (3TMN.pdb) (59) residues 99-168 (green). A central, catalytic core of
TeNT-LC (residues 156-274, red) shows conservation of tertiary structure with thermolysin. Primary catalytic residues (red sticks) are
shared by both enzymes and coordinate a zinc ion (violet sphere) at the active site (violet oval). Loop regions (such as the 210 and 250
loops) in TeNT-LC are significantly expanded compared to the thermolysin core and are partially disordered (zero occupancy indicated
gray portions of these loops). Amino-terminal (brown) and carboxy-terminal (blue) portions of TeNT-LC are distinct among known structures
outside of the CNT group. A low-affinity Zn2+-binding site spanning the 210 and 370 loops of TeNT-LC imparted some order to these
otherwise highly flexible loops in our structure.
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included residues 204-216 and 249-258. Plausible models
for these loops based on equivalent regions in other LC
structures were constructed, but atomic occupancies were
set to zero. Residues C-terminal to Asp 427 and N-terminal
to Pro 2 were disordered and not included in the model.

Structural alignments and figures were prepared with
PyMOL (38). Electrostatic potential values were calculated
using the adaptive Poisson-Boltzmann solver (APBS)
(39) using Chemistry at HARvard Molecular Mechanics
(CHARMM) force field parameters (40). Surface variability
analysis was performed using ConSurf (41) using a multiple
sequence alignment of all CNT light chains performed with
ClustalW (42). Homology searches were conducted with
BLASTp (43), using masked CNT light chain consensus
sequences. The multiple sequence alignment used in Figure
5 was created using MultAlin (44).

RESULTS AND DISCUSSION

The overall structure of TeNT-LC is similar to light chains
of BoNTs A, B, and E (Figure 1a). Structural correlation is
reflected by high DALI Z scores (45) obtained by CR
coordinate alignment between TeNT and the other known
BoNT light chains (Z ) 55.3 for BoNT/B, 51.8 for BoNT/
E, and 45.9 for BoNT/A). The high degree of structural
similarity of TeNT to the other light chains is not a result of
crystallographic phase bias since experimental zinc MAD
phases were used to independently confirm the model. The
light chain structures of BoNT/A, BoNT/B, and BoNT/E
were solved by using experimental phase information (25,
27, 28). The common architecture of these enzymes reflects
their common function; each must specifically bind and
hydrolyze a specific SNARE target which is largely unstruc-
tured in the absence of a binding partner (46, 47). In the
case of BoNT/A, we observed an array of substrate-binding

exosites that induce secondary structure elements in SNAP-
25 serving to specifically position the targeted scissile bond
in close proximity to the protease’s attacking nucleophile.
Given the extremely high degree of structural similarity
between the CNT light chains, we speculate that this exosite-
based strategy is common to the entire group of toxins. This
hypothesis is supported by kinetic data showing that the CNT
light chains as a group require long stretches of substrate
peptide (as long as 50-60 residues) for optimal catalytic
efficiency and can be strongly influenced by substrate amino
acid substitution remote from the scissile bond (26, 48-
52).

Primary structural differences between TeNT-LC and other
light chains are limited to surface features of the protease
including loops and other solvent-exposed protrusions.
Notably, three loop regions exhibit weak electron density
and high temperature factors, suggesting conformational
variability in these regions. Shown in Figure 1b, this group
of loops includes residues 206-223 (the “210 loop”),
residues 248-266 (the “250 loop”), and residues 368-382
(the “370 loop”). Equivalents of the 250 and 370 loops in
BoNT/A-LC were shown to undergo significant conforma-
tional changes upon substrate binding (26). In TeNT-LC,

FIGURE 2: Active site Zn2+ coordination. A cross-validated,σA-
weighted, phase combined electron density map contoured at 1σ
(gray mesh) is shown at the active site of TeNT-LC. The map was
computed by Fourier transformation of 2m|Fo|æcomb - D|Fc|æcalc,
where æcomb and æcalc are the combined and model phases,
respectively,m is the combined figure of merit, andD is an estimate
of model incompleteness and error, both obtained from theσA
method (60). Anomalous Fourier difference density contoured at
10σ (violet mesh) highlights the position of the catalytic zinc ion,
with coordination explicitly shown (yellow dashes). The fourth
ligand (His 237) of the tetrahedral coordination sphere is obscured
from view by the zinc ion.

FIGURE 3: Electrostatic potential surfaces of BoNT/A and TeNT
light chains. Molecular surfaces of (a) BoNT/A-LC and (b) TeNT-
LC are colored by electrostatic potential values ranging from+6
kT/e (blue) to-6 kT/e (red). Equivalent views of the light chain
faces opposite from their active sites are shown, highlighting the
location of the BoNT/A R-exosite, which is shown bound to
substrate (yellow CR trace). The surface residues involved in
BoNT/A substrate recognition near this region are considerably
more basic than the equivalent residues in TeNT, despite nearly
identical underlying topology (Figure 1a).
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the 210 and 370 loops are partially stabilized due to a
secondary zinc-binding site identified by anomalous Fourier
maps at the zinc edge (Figure 1b). This secondary zinc site
is likely induced by the zinc-enriched artificial mother liquor
in which the crystal was soaked prior to data collection. The
secondary zinc restricted the mobility of the 210 and 370
loops relative to a structure obtained from crystals that had
not been subjected to the zinc supplementation (not shown).
Under physiological conditions, however, these loops are
probably conformationally variable in TeNT-LC.

When the first CNT structure was determined, DALI
searches revealed that its catalytic core was similar to that
of the general zinc metalloprotease thermolysin (27). A
central portion of TeNT-LC is clearly structurally related to
a portion of thermolysin, as shown in Figure 1b. While loop
regions of the TeNT-LC core are significantly extended
compared their thermolysin counterparts, overall tertiary
structure is conserved between the two enzymes. This

thermolysin-like core is sandwiched between structurally
distinct amino- and carboxy-terminal portions of the light
chain. These N- and C-terminal elements appear to be
structurally unique to the CNT group, and most significantly,
they contain the SNARE-binding exosites observed in BoNT/
A. The thermolysin-like core of BoNT/A (residues 150-
266) does not participate in substrate-specific side-chain/side-
chain contacts when in complex with its target SNARE. The
250 loop does, however, participate in a substrate-nonspecific
main-chain/main-chain interaction at theâ-exosite (26). The
structural elements flanking the thermolysin-like core of
TeNT-LC (and likely all CNT light chains) are thus
responsible for imparting SNARE specificity to this unique
class of proteases.

TeNT-LC active site geometry and zinc coordination are
similar to those of other known light chain structures.
Residues 233-237 constitute the His-Glu-X-X-His Zn2+-
binding motif characteristic of the light chains as well as of

FIGURE 4: Surface variability of CNT light chains. Molecular surfaces of (a) BoNT/A-LC and (b) TeNT-LC are colored according to
relative surface variability. Relative residue variability (indicated by the bluef red color ramp) was determined using ConSurf (41) based
on a ClustalW (42) multiple sequence alignment of BoNTs/A-G and TeNT. The yellow CR trace indicates the path of the SNAP-25 in
complex with the BoNT/A endopeptidase. Excluding the highly conserved active site (indicated by a black ellipse), major substrate-binding
sites (including theR-exosite indicated by a green ellipse and theâ-exosite indicated by a cyan ellipse) follow a path of relatively high
variability on the surface of BoNT/A. This stripe of high variability extending around CNT light chains may allow discrimination between
different SNARE targets, if the substrate recognition exosites observed in BoNT/A (26) are similarly distributed in the other light chains.
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thermolysin (53). Glu 271 and an ordered water molecule
complete the tetrahedral Zn2+ coordination sphere (Figure
2). Likely employing a catalytic mechanism similar to that
of thermolysin, TeNT-LC is thought to deprotonate a water
molecule coordinated by both Zn2+ and Glu 234 (Figure 2).
The resulting nucleophile likely attacks the carbonyl carbon
of synaptobrevin Gln 76, forming an oxyanion. However,
structural equivalents of oxyanion-stabilizing thermolysin
residues Tyr 157 and His 231 (53) do not exist in TeNT or
the other CNT light chains.

While the underlying architecture of all CNT light chains
is essentially identical, there are significant differences in
surface composition. For example, the electrostatic profile
of the TeNT-LC surface is substantially more acidic than
that of BoNT/A (Figure 3). This electrostatic difference is
especially pronounced for regions that are involved in SNAP-
25 binding to BoNT/A-LC. Such electrostatic variation may
be necessary for the different light chains to accommodate
their different SNARE targets, but it is important to stress
that the precise subset of TeNT-LC residues that impart
specificity for synaptobrevin is not yet known. While each
light chain has a unique electrostatic profile, generalizations
about SNARE binding based on patterns in surface potentials
cannot yet be made; BoNT/B and TeNT light chains, which
share the same synaptobrevin target, have dissimilar elec-
trostatic profiles. Until more structures of CNT light chains
in complex with their SNARE substrates are available,
electrostatic surface profiles only serve to illustrate that
surface features are not conserved among these enzymes.
An analysis of primary sequence relative variability was
performed on the basis of a multiple sequence alignment of
all CNT light chains (Figure 4). Remarkably, the most
variable residues include the substrate-binding path for the
BoNT/A-SNAP-25 complex while the active sites and
interior cores of the toxins are well conserved. These regions
of high sequence variability, extending from the catalytic
pocket around the toxin surface, suggest that distinct
SNARE-binding arrays are likely present in other CNT light
chains. These variable surface features probably include
exosite positions that specialize in binding to different
portions of synaptobrevin, SNAP-25, or syntaxin depending
on the toxin. Notably, the most variable residues also follow

the path of the belt regions observed in full-length BoNT/A
and BoNT/B structures (27, 28), indicating that these heavy
chain residues occupy exosite positions on the light chain
surfaces, thus inactivating the enzyme prior to translocation.
As observed in BoNT/A-LC, the exosites orient and position
the substrate’s target scissile bond within the toxin active
site, increasing catalytic efficiency by lowering the Michaelis
constant (26).

CONCLUSIONS

The identification of SNAP-25-binding exosites in BoNT/A
and the likely presence of such sites in the other toxins have
interesting evolutionary implications. The toxins function at
substantially impaired (and perhaps physiologically ir-
relevant) efficiency for truncated substrates that exclude the
remote exosites, as shown in several kinetic analyses (50,
51, 54, 55). Due to its complexity, the gradual, stepwise
evolution of a functional exosite array that could benefit the
Clostridia is difficult to reconcile. Interestingly, we found a
33-residue stretch of a hypothetical gene from the recently
decipheredPlasmodium falciparumgenome that is homolo-
gous to a portion of the BoNT/AR-exosite (Figure 5). Thus,
one possibility is that structural elements involved in SNARE
interaction may have been imported into Clostridia via a
horizontal gene transfer event and recombined with a general
thermolysin-like enzyme to yield these SNARE-specific
proteases. ThePlasmodiumgene, PF11_0075, has not been
characterized for function yet. While the secretory machinery
of higher order eukaryotes is relatively well studied, little
is known about SNARE-binding factors in organisms
such asPlasmodium. It is thus possible that the structurally
distinct N- and C-terminal portions of the CNT light chains
actually have eukaryotic origins. Horizontal gene transfer
from eukaryote to bacteria has been documented in the
case of glutaminyl-tRNA synthase (56-58), and such a
process could account for the presence of SNARE-binding
elements inClostridia. While the homologous fragment from
PF11_0075 constitutes only a portion of the BoNT/A
SNARE-binding array, it presents an intriguing possibility
that a more complete match will be discovered as more eu-
karyotic genomes are decoded. Clearly, the observed homol-
ogy is not necessarily a result of horizontal gene transfer;

FIGURE 5: Eukaryotic protein with homology to CNT light chains. (a) A 33-residue portion of the hypotheticalP. falciparumgene PF11_0075
aligned with TeNT and BoNT light chains reveals a high level of sequence identity and similarity. This stretch of PF11_0075 is up to
42.4% identical, above the homology threshold for a peptide of this length (61), to portions of the CNT light chains likely involved in
SNARE binding. (b) The featured stretch of BoNT/A from this alignment is highlighted in red and constitutes two of the four helices
involved in forming theR-exosite observed in the BoNT/A-SNAP-25 complex (26). The SNAP-25 substrate is shown in yellow bound to
the BoNT/A light chain (green), where the blue ellipse indicates the approximate location of theR-exosite.
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without additional evidence, convergent evolution could also
explain the high level of sequence similarity. Nevertheless,
a better understanding of CNT-SNARE interactions and
their evolutionary origins might lead to the discovery of new
components of the eukaryotic secretory fusion machinery.
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