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The C2B Domain of Synaptotagmin I Is a Ca2+-Binding Module†

Josep Ubach,‡,§ Ye Lao,|,⊥,# Imma Fernandez,‡,§ Demet Arac,‡,§ Thomas C. Su¨dhof,|,⊥,# and Josep Rizo*,‡,§

Departments of Biochemistry, Pharmacology, and Molecular Genetics, Center for Basic Neuroscience, and
Howard Hughes Medical Institute, UniVersity of Texas Southwestern Medical Center, 5323 Harry Hines BouleVard,

Dallas, Texas 75390

ReceiVed February 16, 2001; ReVised Manuscript ReceiVed April 2, 2001

ABSTRACT: Synaptotagmin I is a synaptic vesicle protein that contains two C2 domains and acts as a Ca2+

sensor in neurotransmitter release. The Ca2+-binding properties of the synaptotagmin I C2A domain have
been well characterized, but those of the C2B domain are unclear. The C2B domain was previously found
to pull down synaptotagmin I from brain homogenates in a Ca2+-dependent manner, leading to an attractive
model whereby Ca2+-dependent multimerization of synaptotagmin I via the C2B domain participates in
fusion pore formation. However, contradictory results have been described in studies of Ca2+-dependent
C2B domain dimerization, as well as in analyses of other C2B domain interactions. To shed light on these
issues, the C2B domain has now been studied using biophysical techniques. The recombinant C2B domain
expressed as a GST fusion protein and isolated by affinity chromatography contains tightly bound bacterial
contaminants despite being electrophoretically pure. The contaminants bind to a polybasic sequence that
has been previously implicated in several C2B domain interactions, including Ca2+-dependent dimerization.
NMR experiments show that the pure recombinant C2B domain binds Ca2+ directly but does not dimerize
upon Ca2+ binding. In contrast, a cytoplasmic fragment of native synaptotagmin I from brain homogenates,
which includes the C2A and C2B domains, participates in a high molecular weight complex as a function
of Ca2+. These results show that the recombinant C2B domain of synaptotagmin I is a monomeric,
autonomously folded Ca2+-binding module and suggest that a potential function of synaptotagmin I
multimerization in fusion pore formation does not involve a direct interaction between C2B domains or
requires a posttranslational modification.

Synaptotagmins constitute a large family of neuronal
membrane proteins (1, 2). Synaptotagmin I, the first member
identified in this family, is a synaptic vesicle protein that is
essential for fast Ca2+-triggered neurotransmitter release (3),
most likely acting as a Ca2+ sensor in this process (4, 5).
Synaptotagmin I contains an N-terminal intravesicular se-
quence, a transmembrane region, a linker sequence, and two
C-terminal C2 domains referred to as the C2A and C2B
domains (Figure 1A). The synaptotagmin I C2A domain has
a â-sandwich structure and binds multiple Ca2+ ions via a
motif that includes five conserved aspartate residues at the
tip of theâ-sandwich (6-8). The C2B domain from the Rab3

effector protein rabphilin, which shares substantial sequence
homology with the synaptotagmin I C2B domain (Figure 1B),
also forms aâ-sandwich structure (see Figure 1C) and binds
multiple Ca2+ ions via a similar motif (9). On the basis of
this homology and its Ca2+-dependent activities (see below),
it has been hypothesized that the synaptotagmin I C2B
domain also binds Ca2+ and contributes to the Ca2+-sensing
function of synaptotagmin I, but this hypothesis has not been
directly tested. In addition, while both C2 domains of
synaptotagmin I have been implicated in several interactions
that could mediate its function in neurotransmitter release
(reviewed in refs 1 and 2), the interactions involving the C2B
domain have been controversial.

Particular attention has attracted the involvement of the
C2B domain in Ca2+-dependent synaptotagmin multimeriza-
tion. Since synaptotagmin I forms Ca2+-independent consti-
tutive dimers via its transmembrane region (10-13), the
observation that the recombinant C2B domain immobilized
as a GST1 fusion captured native synaptotagmin I from brain
extracts in a Ca2+-dependent manner (14, 15) led to an
attractive model whereby Ca2+-dependent self-association
could result in a ring of synaptotagmins during fusion pore
formation. Moreover, the observation that different synap-
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totagmin isoforms can form heterodimers (16-22) has led
to models whereby heterooligomerization of different com-
binations of synaptotagmins may lead to Ca2+ sensors with
distinct Ca2+ sensitivities, although at least some of these
combinations may not be relevant since not all synaptotag-
mins are localized on synaptic vesicles (23). Furthermore, it
is unclear whether the synaptotagmin I C2B domain actually
dimerizes as a function of Ca2+. Thus, direct Ca2+-dependent
dimerization of the recombinant C2B domain and the double
C2 domain region has been reported in one study (21) but
disputed in another (24).

The significance of other interactions described for the
synaptotagmin I C2B domain is also unclear. The C2B
domain was found to bind in a Ca2+-independent manner to
the clathrin adaptor protein AP-2 (25), Ca2+ channels (26),
and inositol polyphosphates (27). However, all of these
interactions were found to involve the same site of the C2B
domain, a polybasic region that was also implicated in
dimerization, and some of them can be reproduced with
incomplete C2B domain fragments (16, 28) that are unlikely
to be properly folded. In addition, interactions of the C2B
domain withâ-SNAP and with SV2 were observed in some
studies (29, 30) but not in others (16, 21). It is possible that
these contradictory results may have arisen in part from the
common use of immobilized GST-C2B domain fusions that
are isolated by affinity chromatography without further
purification.

In view of the central function of synaptotagmin I in Ca2+-
triggered exocytosis and the potential importance of Ca2+-
dependent synaptotagmin multimerization, we have now
investigated whether the C2B domain is in fact a Ca2+-
binding module and whether it dimerizes as a function of

Ca2+. We find that GST-C2B domain fusion proteins
produced by standard approaches are highly contaminated
by nonproteinaceous impurities. We have developed a
procedure to obtain a properly folded, pure C2B domain and
show that the C2B domain does bind Ca2+ but remains
monomeric upon Ca2+ binding. These results suggest that
the C2B domain cooperates with the C2A domain in the Ca2+

sensor function of synaptotagmin I via Ca2+-dependent
interactions with target molecules other than the C2B domain
itself.

EXPERIMENTAL PROCEDURES

Protein Expression, Purification, and Spectroscopy. Since
with an Asp374fGly substitution the amino acid sequence
of the rat synaptotagmin I C2 domains is identical to the
bovine sequence, DNA fragments encoding the rat C2B
domain (residues 271-421) and double C2 domain region
(residues 140-421) were obtained by PCR amplification
from bovine synaptotagmin I cDNA using customary de-
signed primers (we use the rat sequence numbers to avoid
confusions in the literature). The PCR products were
subcloned into the pGEX-KG vector (31) and expressed in
Escherichia coliBL21 using LB medium or minimal medium
containing 15NH4Cl as the sole nitrogen source for15N-
labeling. Cell pellets were resuspended in PBS, passed three
times through an EmulsiFlex-C5 cell disrupter (Avestin) at
14 000 psi and spun at 28000g for 30 min. The supernatants
were then incubated with glutathione-agarose (1 mL/L of
culture). For standard preparations, the resin was extensively
washed with PBS until there was no detectable UV absorp-
tion in the eluate, equilibrated with cleavage buffer (50 mM
Tris, pH 8.0, 0.2 M NaCl, 2.5 mM CaCl2), and cleaved with

FIGURE 1: Domain diagram of synaptotagmin I and structural model of its C2B domain. (A) Domain diagram with the different regions of
the synaptotagmin I sequence indicated below (Iv, intravesicular sequence; TM, transmembrane region) and their approximate boundaries
indicated above. The two C2 domains are represented by red boxes. (B) Sequence alignment of the rat synaptotagmin I (RSI) C2A and C2B
domains and the rat rabphilin (rRb) C2B domain. Residues involved in Ca2+ binding to the synaptotagmin I C2A domain (8) and the
rabphilin C2B domain (9), as well as those predicted to bind Ca2+ in the synaptotagmin I C2B domain based on the observed homology,
are shown with a dark background. Other background color coding highlights conserved residues according to their location in the three-
dimensional structures of C2 domains, which consist of aâ-sandwich with loops emerging at the top and the bottom (6-9): blue,â-strands;
yellow, top loops; green, bottom loops. A specific feature of C2B domains, not present in C2A domains, is anR-helix at the bottom of the
domain (conserved residues highlighted in red) (9). Gly374 of the synaptotagmin I C2B domain, which was an aspartate in the original rat
sequence, is indicated with an asterisk, and the polybasic region is indicated by a solid bar. (C) Ribbon diagram of the structure of the
rabphilin C2B domain (9) that we use as a model for the structure of the synaptotagmin I C2B domain. The positions of residues exhibiting
1H-15N HSQC cross-peak shifts due to binding of contaminants to the synaptotagmin I C2B domain (see Figure 5) are colored in blue (for
basic residues) or cyan (for other residues). The position of K327 is labeled to indicate the location of strand 4, which contains the polybasic
sequence involved in binding to the contaminants. N- and C-termini are indicated by N and C, respectively. The ribbon diagram was
prepared with the program Molmol (39).
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thrombin (1.8 NIH units/mL) at 25°C for 1.5 h. For optimal
purification of the C2B domain, the resin was extensively
washed with 50 mM CaCl2 in cleavage buffer after the PBS
wash and prior to the cleavage step, and the cleaved products
were purified by gel filtration on Superdex 75 (Pharmacia)
(0.2 M phosphate, pH 6.3, 0.3 M NaCl) followed by cation-
exchange chromatography on SourceS (Pharmacia) in 20 mM
MES, pH 6.3, and 20 mM CaCl2 using a linear gradient from
0.3 to 0.6 M NaCl in 8 column volumes. The elevated salt
concentration was critical to obtain good resolution by gel
filtration since the C2B domain is highly basic and binding
to the slightly negatively charged solid matrix at lower salt
results in partial retention of the protein in the column (see
Figure 2B). UV spectra were acquired on a Hewlett-Packard
8452A spectrophometer. NMR spectra were acquired on a
Varian INOVA600 under the conditions described in the
legends of Figures 3-5. 1H-15N HSQC spectra were
acquired using a sensitivity-enhanced pulse sequence (32)
with total acquisition times of 1-2 h.

Gel Filtration of NatiVe Synaptotagmin I. Four frozen rat
brains were homogeneized in 16 mL of 20 mM HEPES, pH
7.4, 0.1 M NaCl, 0.1 g/L PMSF, 10 mg/L leupeptin, 10 mg/L
aprotinin, and 1 mg/L pepstatin, in the presence of 2.5 mM
CaCl2, 2.5 mM MgCl2, or 2.5 mM EGTA as indicated. The
homogenate was treated with 0.008% trypsin at 37°C for
30 min, and the proteolysis was terminated with 0.1 g/L
soybean trypsin inhibitor, 1% goat serum, and 1 g/L PMSF.
Insoluble material was removed by centrifugation for 15 min
at 2 °C, 80 000 rpm. Gel filtration of 2 mL samples was
performed on Superdex 75 with 20 mM HEPES (pH 7.4)
and 0.1 M NaCl, and 3 mL fractions precipitated with
trichloroacetic acid were analyzed by SDS-PAGE followed
by immunoblotting.

RESULTS

Preparation of the Pure, Properly Folded C2B Domain.
To characterize the C2B domain structurally and functionally,
it is necessary to obtain pure and properly folded recombinant
protein, but two significant problems hindered such charac-
terizarion. First, we noticed that our original rat synaptotag-
min I sequence contained an aspartate residue at position
374 (33) while our sequences of human, bovine, mouse, and
Drosophilasynaptotagmin I (3, 10, 34, 35), as well as a more
recently cloned rat sequence (17), contained a glycine at the
same position. These observations suggested the possibility
of a cloning artifact in the original rat cDNA clones, although
another recent study found that both aspartate and glycine
residues were present at position 374 in PCR products using
rat cDNA as a template (21). Extensive attempts to prepare
the C2B domain with the original sequence as a GST fusion
or with a His6 tag yielded electrophoretically pure proteins,
but they were largely unfolded (data not shown). The folding
problem was circumvented by expression of the recombinant
C2B domain with a glycine at position 374, which was
therefore used in all subsequent studies. These results, and
the fact that this glycine residue is highly conserved not only
in synaptotagmins but also in C2 domains in general (see
sequence alignment in ref36), suggest that this glycine is
critical for the C2 domain fold and that the presence of an
aspartate in this position in the original rat synaptotagmin I
sequence was indeed artifactual.

The second problem we encountered was related to the
purification of the C2B domain with the correct Gly374
sequence. Expression of the C2B domain as a GST fusion,
and isolation by affinity chromatography on glutathione-
agarose using standard procedures, yielded a fusion protein
that appeared to be highly pure by SDS-PAGE. However,
the UV spectrum of the isolated C2B domain obtained after
on-resin thrombin cleavage exhibited a maximum at 260 nm
uncharacteristic of polypeptides (Figure 2A). Furthermore,
gel filtration chromatography (Figure 2B) revealed the
presence of numerous nonprotein contaminants, most of them
with absorption maxima at 260 nm. In fact, the fractions
containing most of the C2B domain still had strong absorption
at 260 nm (Figure 2C). Although the chromatographic
profiles varied substantially in different preparations, large
amounts of contaminants were observed in all cases, even
when the cell supernatant was treated with DNase or
polyethylenimine or when the immobilized fusion protein
was extensively washed with 1 M NaCl. The contaminants
were heterogeneous, and their nature could not be completely
established, but1H NMR spectra revealed the presence of
small oligonucleotides (data not shown).

To eliminate the bacterial contaminants, we developed a
purification procedure that includes extensive washes of the
resin-immobilized GST-C2B domain fusion with 50 mM
Ca2+ as a key step to reduce the UV absorption at 260 nm
of the thrombin-cleaved material. After gel filtration at high
ionic strength and cation-exchange chromatography in the
presence of 20 mM Ca2+, the purified material had a UV
absorption maximum at 278 nm (Figure 2D) and eluted as a
single peak in gel filtration (Figure 2E). ES-MS revealed a
single species with the expected molecular weight. The high

FIGURE 2: The C2B domain obtained by standard GST fusion
methodology is highly impure. (A) UV spectrum of the C2B domain
obtained after thrombin cleavage of a GST-C2B domain fusion
purified by standard affinity chromatography on glutathione-
agarose. (B) Gel filtration of the same sample on Superdex 75 in
20 mM MES, pH 6.3, and 0.2 M NaCl. Coomassie Blue-stained
C2B domain bands from SDS-PAGE of the eluted fractions are
indicated below the chromatographic profile. (C) UV spectrum of
the major C2B domain fraction from the chromatogram shown in
(B). (D) UV spectrum of the C2B domain purified by the optimal
procedure described in the text. (E) Gel filtration of the same
purified sample on Superdex 75 in 20 mM MES buffer, pH 6.3,
and 0.4 M NaCl.

5856 Biochemistry, Vol. 40, No. 20, 2001 Accelerated Publications



quality and excellent chemical shift dispersion observed in
the NMR spectra of the pure C2B domain (Figures 3 and
4A) suggest that it is a well-folded protein module with the
characteristicâ-sandwich structure found in other C2 domains

(6, 9). Complete resonance assignments of the C2B domain,
which are currently being used to solve its three-dimensional
structure, confirm this conclusion.2

The C2B Domain Binds Ca2+ but Does Not Dimerize.
Comparison of the1H-15N HSQC spectra of the C2B domain
obtained in the absence and presence of Ca2+ (Figure 4A)
revealed substantial Ca2+-induced shifts in a subset of cross-
peaks, showing that the isolated C2B domain binds Ca2+

directly. Major Ca2+-induced shifts were only observed for
residues in the loops that are predicted to bind Ca2+ at the
top of theâ-sandwich, as observed for other C2 domains (9,
37). The Ca2+ dependence of the cross-peak shifts, illustrated
for a representative cross-peak in Figure 4B,C, indicates an
intrinsic Ca2+ affinity of ca. 500µM. Note that the synap-
totagmin I C2A domain also has a low intrinsic Ca2+ affinity
that arises from incomplete coordination of the Ca2+ ions
(8), but this affinity increases considerably in Ca2+-dependent
binding to ternary components that may complete the Ca2+

coordination spheres (e.g., phospholipids; see ref38). Hence,
our NMR results show that the isolated C2B domain of
synaptotagmin I is a functional Ca2+-binding domain with
intrinsic Ca2+-binding properties similar to those of the C2A
domain.2

Since dimerization of globular proteins is expected to
substantially increase the line widths of their resonances due
to the increase in effective molecular weight, we examined
whether Ca2+ causes resonance broadening in the1H NMR
spectrum of the C2B domain (Figure 3). Surprisingly, the
resonances were slightly broader in the absence of Ca2+,
probably because the Ca2+-free C2B domain has a higher
tendency to aggregate and cannot be concentrated to more
than 0.4 mM under our experimental conditions. In contrast,
the C2B domain can be concentrated to 1.3 mM in the

FIGURE 3: 1H NMR spectra of the C2B domain show that it is well
folded and monomeric in the absence and presence of Ca2+. The
spectra were acquired at 600 MHz and 30°C in 50 mM MES (pH
6.3), 0.15 M NaCl, and 2 mM DTT, with samples containing 1.1
mM C2B domain and 20 mM Ca2+ (A) or 0.4 mM C2B domain
and 1 mM EDTA (B). The spectra are displayed at high vertical
scale to emphasize the resonances in well-resolved regions of the
spectra.

FIGURE 4: The synaptotagmin I C2B domain is a functional Ca2+-binding domain. (A) Superposition of1H-15N HSQC spectra of the C2B
domain (0.1 mM) under analogous conditions to those described in Figure 3 with 1 mM EDTA (black contours) or 20 mM Ca2+ (red
contours). Some of the cross-peaks that exhibit the largest Ca2+-induced shifts are labeled next to their position in the Ca2+-bound spectrum.2

(B, C) Plots illustrating the Ca2+ dependence of the NH (B) and15N (C) chemical shifts of the K300 NH group. The chemical shift changes
with respect to the Ca2+-free form (∆δ) were normalized with the total chemical shift change upon Ca2+ saturation (∆δtotal).

Accelerated Publications Biochemistry, Vol. 40, No. 20, 20015857



presence of 20 mM Ca2+ without significant resonance
broadening. The line widths measured for well-resolved NH,
aromatic, and methyl resonances are<16 Hz, consistent with
a monomer but incompatible with a dimer. These results
demonstrate that the C2B domain does not directly dimerize
as a function of Ca2+ even at high protein and Ca2+

concentrations. In agreement with this conclusion, no Ca2+-
induced increase in the apparent molecular weight of the C2B
domain was observed by gel filtration (data not shown).
Parallel experiments with a fragment corresponding to the
double C2 domain region of synaptotagmin I (residues 140-
421), purified by methods similar to those described for the
C2B domain, yielded analogous results with the expected
increase in the line widths observed in the NMR spectra due
to the higher molecular weight (data not shown). These data
support previous analytical ultracentrifugation studies of the
C2B domain and the double C2 domain region (24) and
contradict GST pulldown experiments performed with re-
combinant proteins that suggested a direct Ca2+-dependent
dimerization of the C2B domain (21).

A Polylysine Sequence Implicated in Protein-Protein
Interactions Contains Stoichiometrically Bound Bacterial
Contaminants.The presence of contaminants in GST-C2B
domain fusion proteins and their natural variability are likely
sources for the numerous contradictory results obtained in
studies of the C2B domain binding activities. To analyze

whether the contaminants bind to a particular region of the
C2B domain, we took advantage of the high sensitivity of
1H-15N HSQC spectra to binding interactions. Figure 5A
shows a superposition of the1H-15N spectrum of the pure
C2B domain (black contours) with that of a sample obtained
after thrombin cleavage (cyan contours). The latter exhibits
cross-peaks in the lower right corner that correspond to NH
groups from basic side chains that are tightly bound to the
contaminants. Note that these NH groups are usually not
observable due to fast exchange with the solvent and do not
appear in the spectrum of the pure C2B domain. Figure 5A
also shows that the backbone cross-peaks from a subset of
residues are significantly shifted in the impure sample
compared to the pure C2B domain. Indeed, cross-peak
multiplicity was observed for this subset of residues in
impure samples, while only one cross-peak per residue is
observed for the pure C2B domain as expected for a
homogeneous sample. This is illustrated for the cross-peaks
of Lys326 and Lys327 in the expansions of Figure 5B,C,
where the same spectra of Figure 5A are superimposed with
an additional1H-15N HSQC spectrum from a sample that
was only purified by gel filtration (orange contours). Using
the structure of the homologous rabphilin C2B domain (9)
as a model, all of the residues of the synaptotagmin I C2B
domain exhibiting cross-peak shifts in impure samples
correspond to a polybasic region encompassing strand 4 and
the preceding loop, as well as adjacent residues in the
concave side of theâ-sandwhich (Figure 1C). These results
show that, even after purification of GST-C2B domain

2 Details on the resonance assignment, structure determination, and
Ca2+-binding mode of the synaptotagmin I C2B domain will be reported
elsewhere (I. Fernandez et al., manuscript in preparation).

FIGURE 5: A polybasic region is involved in tight binding of nonproteinic contaminants to the C2B domain. (A) Superposition of1H-15N
HSQC spectra (same conditions of Figure 3 with 1 mM EDTA) of 0.1 mM pure C2B domain (black contours) and a 0.04 mM C2B domain
sample obtained after thrombin cleavage of a GST-C2B domain fusion immobilized and washed by standard procedures (cyan contours).
Some of the cross-peaks exhibiting shifts due to the contaminants are labeled. All residues exhibiting shifts are comprised within the
K313-H315, R322-K327, V358-L362, and I373-V376 sequences, which are located at the concave side of theâ-sandwich and are
colored in blue or cyan in Figure 1C. (B, C) Expansions of the spectra shown in (A) corresponding to the regions containing the K327 (B)
and K326 (C) cross-peaks. Also superimposed are the same regions of the1H-15N HSQC spectrum of a 0.1 mM C2B domain sample that
was only purified by gel filtration in 0.2 M phosphate, pH 6.3, and 0.3 M NaCl (orange contours).
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fusion proteins on affinity resins, this region of the synap-
totagmin I C2B domain contains multiple tightly bound
contaminants that most likely are polyacidic, such as nucleic
acids. This is the same region that was implicated in Ca2+-
dependent dimerization of the C2B domain and in its Ca2+-
independent interactions with AP-2 and Ca2+ channels by
GST pulldown assays; these three interactions were disrupted
by mutation of Lys326 and Lys327 to Ala (16). It is thus
unclear whether these interactions directly involve the C2B
domain or are mediated by polyacidic contaminants.

Ca2+ Induces the Incorporation of NatiVe Synaptotagmin
I into a Large Complex.Since the recombinant GST-C2B
domain fusions that we and others had previously used to
demonstrate the Ca2+-dependent self-association of synap-
totagmin I most likely contained bacterial contaminants, the
immediate question that arises is whether Ca2+ can indeed
cause multimerization of the native synaptotagmin I cyto-
plasmic region. To shed light on this question, we made use
of the hypersensitive proteolytic site at residue 111 of
synaptotagmin I (10, 11). After mild trypsinolysis of whole
rat brain homogenates and high-speed centrifugation, we
analyzed the soluble fraction by gel filtration chromatogra-
phy. The native synaptotagmin I fragment eluted as a
monomer in the presence of 2.5 mM Mg2+ or 2.5 mM EGTA
but appeared mostly in the void volume in the presence of
2.5 mM Ca2+ (Figure 6). These results show that the
cytoplasmic region of native synaptotagmin I from brain
homogenates assembles into a large complex as a function
of Ca2+. Since the recombinant synaptotagmin I C2B domain
or double C2 domain region do not self-associate, assembly
of this large complex either requires ternary components or
involves posttranslational modification.

DISCUSSION

Synaptotagmin I is essential for fast Ca2+-triggered neu-
rotransmitter release, and strong evidence supports a role as
a Ca2+ sensor in this process (3, 4). The two C2 domains of
synaptotagmin I form most of its cytoplasmic region and
are thus widely believed to constitute the business end of
the molecule. Characterizing the interactions of the C2

domains is thus critical to understand how synaptotagmin I
may be involved in Ca2+ triggering of neurotransmitter
release, but studies of the C2B domain had yielded a number
of confusing results. The results described here have several
implications for the potential roles of the synaptotagmin I
C2B domain and provide plausible explanations for some of
these confusing results.

First, we show that the C2B domain is a functional Ca2+-
binding domain that can cooperate with the C2A domain in
the Ca2+-sensing function of synaptotagmin I. Second, we
show that the recombinant C2B domain is not capable of
Ca2+-dependent homodimerization. Thus, while we find that
Ca2+ causes incorporation of the native synaptotagmin I
cytoplasmic region into a large complex that could be
involved in formation of the fusion pore, direct self-
association of the C2B domain can only be involved in this
complex via posttranslational modification. Finally, we
uncovered the presence of tightly bound bacterial contami-
nants in the recombinant GST-C2B domain, attached to a
specific polybasic sequence that had been implicated in
multiple interactions. This finding injects an element of
caution in interpreting GST pulldown experiments performed
with GST fusions that are only isolated by affinity chroma-
tography. Even in cases where soluble recombinant proteins
are further purified, biophysical characterization is desirable
to ensure their purity and proper folding. In the case of the
C2B domain, the tightly bound polyacidic contaminants may
have promoted irrelevant interactions while inhibiting bio-
logically significant activities. At the same time, the vari-
ability of the contaminants (and probably in the purification
methods used) provides a likely explanation for the numerous
contradictory results obtained in studies of the C2B domain.
Contradictions may have also arisen in some cases from a
mutation in the C2B domain sequence (Gly374fAsp), which
in our hands hinders proper folding of the domain.

In view of these results, previous studies of the interactions
of the synaptotagmin I C2B domain by our laboratory and
others need to be reevaluated. Clearly, the polybasic region
of the C2B domain is very reactive. Clarifying which are
the relevant interactions of this region and which are the
Ca2+-dependent targets of the C2B domain will be critical
to understand the mechanism of action of synaptotagmin I.
It will also be crucial to unravel the composition of the large
complex that includes the Ca2+-bound synaptotagmin I
cytoplasmic fragment and the interactions that mediate its
assembly.
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