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Synapsins are abundant synaptic vesicle proteins with
an essential regulatory function in the nerve terminal.
We determined the crystal structure of a fragment
(synC) consisting of residues 110-420 of bovine synap-
sin I; synC coincides with the large middle domain
(C-domain), the most conserved domain of synapsins.
SynC molecules are folded into compact domains and
form closely associated dimers. SynC monomers are
strikingly similar in structure to a family of ATP-
utilizing enzymes, which includes glutathione synthe-
tase and D-alanine:D-alanine ligase. SynC binds ATP
in a Ca?*-dependent manner. The crystal structure of
synC in complex with ATPyS and C&* explains the
preference of synC for C&* over Mg?*. Our results
suggest that synapsins may also be ATP-utilizing
enzymes.

Keywords ATP binding/C&* binding/crystal structure/
structural similarity/synaptic vesicle proteins

Introduction

1991; Inuiet al,, 1994) and the MARCKS protein and Grb2
independently of C& (Mizutani et al., 1992; McPherson
etal, 1994). Nerve terminal functions are maintained in
the absence of synapsins in mice but are severely impaired.
This suggests that synapsins have an important role in
maintaining regulated vesicular traffic, although they are
not essential for membrane traffic as such (Rosdlfall,,
1995). The exact function of synapsins has remained
obscure.

Synapsins la (706 amino acids) and Ib (670 amino
acids) are derived from one gene by differential splicing
of the mRNA and differ from each other only at their
carboxy-termini. Synapsin | is composed of a globular
amino-terminal region and a proline-rich, elongated and
basic carboxy-terminal region. The primary structure is
95% conserved between rat, bovine ¢8af et al, 1989)
and human forms; it contains five domains (A, B, C, D
and E/F) distinguishable on the basis of composition and
degree of evolutionary conservation. Of these, the central
‘C’ domain is the most highly conserved and is contained
within the amino-terminal globular region of synapsin
known to be resistant to collagenase digestion. Here we
report the three-dimensional structure of the recombinant
C domain (synC, amino acids 110—420) of bovine synapsin
I and of its complex with ATS and C&".

Results

Structure of synC

We determined the crystal structure of synC and refined
the atomic model at 2.15 A resolution. As shown in

Figure 1A and C, synC forms a compact structure with
roughly elliptical shape; the amino and carboxyl ends of
the domain are near one of its tips, only 15 A apart.
Surprisingly, the three-dimensional alignment (DALI;

Holm and Sander, 1993) of synC with the structures
deposited in the Brookhaven protein data bank (PDB;
Bernstein etal, 1977) revealed strong architectural

Synapsins account for ~9% of the proteins associated with similarities to the following enzymes: glutathione synthe-
synaptic vesicle membranes, and occur in two major forms tase (GSHase; Yamaguctet al, 1993), p-alanineb-

(synapsin | and Il), each of which in turn is found in two alanine

isoforms (la and Ib, lla and Ilb) (Greengard, 1987¢dBaf
etal, 1989; Rosahletal, 1993, 1995; Sdhof, 1995;

ligase (ddligase; Faretal, 1994), biotin
carboxylase-chain (BNC; Waldroget al, 1994), succinyl
CoA synthetas@-chain (SCS; Wolodket al,, 1994) and

Klaggeset al, 1996). They are phosphorylated by multiple pyruvate, orthophosphate dikinase (PPDK; Herzlet ).,

kinases (Greengard, 1987;@wf, 1995).In vitro binding

1996). All these enzymes catalyze similar types of reac-

studies revealed a bewildering variety of proteins that tions, which include the transfer of phosphate from bound
specifically interact with synapsins. These include major ATP to a substrate (Artymiukt al., 1996; Matsudaet al.,,

elements of the cytoskeleton [actin microfilaments, neuro- 1996). The striking resemblance between synC and
filaments, microtubuli and spectrin (Baines and Bennett, GSHase is apparent from Figure 1A and B. More than

1985, 1986; Bhler and Greengard, 1987; Steingfral,
1987; Petrucci and Morrow, 1997)], of which binding

80% of the @ atoms of synC can be superimposed onto
those of the two top-scoring molecules, GSHase and

to microfilaments and neurofilaments is regulated by ddligase, with a root-mean-square deviation (r.m.s.d.)
phosphorylation. In addition, synapsin | binds calmodulin of 3.2 A each, without any permutation of topological

and annexin VI in a Ca -dependent manner (Hayesal,,

© Oxford University Press

connections. Thus, synC shares a common fold with
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Fig. 1. Ribbon diagrams of the monomers &)(synC and B) the complex of glutathione synthetase with MgADP and glutathione as ball-and-stick
models (PDB entry 1gsa)C{ Stereo drawing of the &trace of synC, colored yellow to blue from the amino- to the carboxy-terminus; a ball-and
stick model in atom colors of bound AB is also shown. Selectechéatoms are marked with red balls and residue numb&rsTopology

diagram of synC. Disordered residues are indicated by dotted lines. (A), (B) and Figure 4 were made with a modified version of the program
Molscript (Esnouf, 1997).

members of a superfamily of enzymes which have been similarity could not be detected in the absence of three-
classified aso and (3 structures (SCOP; Murzirt al, dimensional structures.

1995). Because of the low sequence identity (9-14%) The structure of synC can be divided into three sub-
between members of this superfamily, including synC, the domains (Figure 1D): the amino-terminal subdomain
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(residues 110-223), the central subdomain (residues 246— 100 1 i

308) and the carboxy-terminal subdomain (residues 224— ]

245 and 309-420). The core of the amino-terminal subdo- 80 1

main is a four-stranded parallBtsheet 31, B2, 36, B7),

which is flanked by a helical loop (residues 124-137) and

helix al. It resembles the nucleotide-binding motif (NAD

motif) found in numerous enzymes that bind substrates at

the carboxyl end of the parallgd-sheet. The parallel

arrangement of helice@l anda2 and their connection

by strandp7 are remarkably well conserved in synC and 20 4

GSHase. Even more remarkable is the existenceaié-a

asparagine residue at the carboxyl end of str@idin

both synC (Asn214) and GSHase (Asnll4). As te o

conformation is extremely rare in peptide bonds preceding

residues other than proline, the useaid-asparagine at

e-qu-iva-lent positions in synC .and GSHase makes_ the Fig. 2. ATP binding by the recombinant C-domain of synapsin |

similarity between the tWO pr9te'”5 even more compelling. 35g-LabeIed ATI?Sgbo)l/Jnd to GST—-synapsin | C-domairsllfugion protein
The central subdomain is characterized by a four- (50 nMm protein) was measured in the presence or absence?f &al

stranded antiparallgB-sheet and contains a glycine-rich  of increasing concentrations of ATP and GTP. The half-maximum

|00p between strandw and Blo Wh|Ch can be Superim_ inhibition of ATPYS binding occurs at 0.14M ATP.

posed with loops in GSHase (residues 162-169) and

ddligase (residues 146-153). The crystal structures of the

nucleotide complexes of GSHase and ddligase revealedshown). Surprisingly, AT¥S binding to synapsin | was

60
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_C32+

= ATP

A
w

<10 9 B 7 ® 5

[nucleotide] (log M)

that these loops bind to tH&phosphate of the nucleotide

completely dependent on €3 no binding could be

(p-loop). Thus, the central subdomain of synC has the observed in the absence of CgFigure 2). We confirmed

ATP grasp motif (Murzinetal, 1995) which is the

these results with recombinant full-length synapsin la

most prominent common feature of all members of this produced in a baculovirus expression system, and with

superfamily of ATP-binding enzymes.

A large antiparallelp-sheet in the carboxy-terminal
subdomain, comprising stran@®43-315 in synC, is also
common to these enzymes. The antiparaiedheets of

ATP instead of ATRS (not shown).

To understand the structural basis for’Galependent,
specific, high-affinity ATP binding by synC, we investi-
gated the crystal structure of a complex between ySP

the central and carboxy-terminal subdomains are facing and synC (CaAT¥#5). This structure revealed a singleCa
each other and form a cavity large enough to accommodateion, coordinated by Glu373, Glu386 and the pyrophosphate
both ATP and a putative substrate. Within the carboxy- moiety of ATR/S (Figure 3A and B). Calcium—-oxygen
terminal subdomain of synC, the polypeptide chain bond distances between 2.4 and 3.0 A were in the range
between residues 330 and 343 is disordered in the crystal.of values expected for a €aion with a coordination
According to structural superposition, the disordered res- number of six (Falkeetal, 1994). However, the high
idues of synC are equivalent to the multifunctional loop average temperature factor of the triphosphate gr8up (
(residues 226—242) in GSHase. In the structure of the apo83 A?) defied an exact description of its conformation
form of GSHase (PDB entry 2glt), this loop is disordered, and hapticity. Still, the position of the €a ion was
but assumes a fixed conformation in the crystal structure unambiguous due to the coordination of Glu373 and
of the complex of GSHase with ADP, magnesium ions Glu386 which anchor it in a central position between the
and glutathione (PDB entry 1gsa). A basic residue within pyrophosphate of AT¥S and strand$14 andp15. The
this loop (Arg233) is of crucial importance for the function binding of ATR/S and C&" did not cause detectable
of GSHase (Tanakatal, 1992); a comparable basic movements of the subdomains of synC.
residue, Lys336, occurs in the sequence of synC. Therefore, In GSHase and ddligase, two magnesium ions interact
by analogy, we infer that these disordered residues in with the nucleotide and are believed to facilitate the
synC belong to a loop whose function requires a high nucleophilic attack on the phosphate of ATP by balancing
degree of flexibility, and which may become ordered after the negative charges on the pyrophosphate and to help
binding of a suitable ligand to synC. The carboxy-terminal stabilize the acylphosphate intermediate. Most of the
helix a6 is connected to strarféll5 by a continuous loop  catalytic residues in GSHase and ddligase, in particular
and lies below the amino-terminal domain. the ones that interact with ATP and Ffg ions, are
well conserved in synC (Figure 3B and C, TableI). An
Ca?* -dependent ATP binding exception is the polar residue Asn283 in GSHase (Asn272
The unexpected similarity of synC to ATP-utilizing in ddligase) which coincides with the hydrophobic residue
enzymes prompted us to test if synC binds ATP, using a Val388 in synC. Residue Asn283, together with Glu281,
GST-synC fusion protein and AYB, a non-hydrolyzable  coordinates magnesium ion Mg2 in the active site of
ATP analog (Figure 2). We observed robust ABbinding GSHase (and in that of ddligase) (Figure 3C). The substitu-
that was completely inhibited by ATP with a half-max- tion of Val for Asn at residue 388 in synC prevents the
imum inhibition of 0.14pM, suggesting a high-affinity  stabilization of a metal ion in an equivalent position. In
ATP-binding site. In contrast, GTP was unable to compete, GSHase, the magnesium ion Mgl is coordinated primarily
and fusions of GST with five other proteins failed to bind by thea- and3-phosphate groups as well as a sulfate ion
ATP, demonstrating that binding is specific (data not that mimics the detachegphosphate after the reaction

979



L.Esser et al.

A

GLU 386

o ,
r : Py
" ° HO @ by )
.(.)‘” 28 r_|.||-‘ *\Hl}‘iul
° 5P 273 » ®

Mg2? H,0 e \I H,0
® L]

S0, S0; @
L - 4 o
.-
ASN 283 ASN 283

Fig. 3. Stereo pairs of the metal-binding sites in CaA®RA andB) and in GSHaseQ). (A) Electron density and ball-and-stick model around the
Céa"-binding site [FF. map at 2.3 A resolution after refinement; contour level(&lectron density)]. (B) and (C) were made with the program
Molscript (Kraulis, 1991) and rendered in povray 3.0.

occurred (Figure 3C). G4 in CaATR/S occupies a posi-  The synC dimer

tion roughly equivalent to Mgl in GSHase. The involve- In the crystal, two molecules of synC form a tight dimer
ment of C&" in ATP binding has also been observed in around a crystallographic 2-fold axis (Figure 4) with a
the ATPase domains of bovine 70 kDa heat shock cognateburied surface area of 130 fder monomer; the contacts
protein (Flahertyetal, 1994) and human 70 kDa heat between these molecules are predominantly hydrophobic.
shock protein (Sriranet al, 1997). Both these enzymes The asymmetric unit of synC crystals contains two molec-

undergo CA&"-dependent autophosphorylatiom vitro, ules related by a 2-fold non-crystallographic symmetry
indicating that ATP hydrolysis in the presence offCés (ncs) axis perpendicular to the tight dimer axis. This
possible, and that it could also occur in synapsin |I. arrangement of 2-fold axes generates two kinds of tetra-
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Table I. Structurally and possibly functionally equivalent residues in the active site

SynC/Ca-ATRS GSHase ddligase Function
Adenosyl moiety of ATP
Lys269 Lys160 Lys144 N7 (ATP), O1 @
Glu305 GIn198 Glu180 N6 (ATP)
Phe307 Tyr200 Trp182 hydrophobic shield
11le308 Leu201 Leul83 amide H bond to N1 (ATP)
Asp313 Asp208 Glul87 single or multiple H-bonds to O2*/O3* of ribose
Phosphate-binding residues
Ser275 Gly166 Serl50 amide H bond to OB)YP
Gly276 Glyl67 Gly151 amide H bond to O2(§P
Lys225 Lys125 Lys97 near O1 @p
Lys279 lle170 Met154 near O1 ¢fp, O2 (FB)
Metal-binding residues
Glu373 Asp273 Asp257 n?to Ca ornt bond to Mgl
Glu3se Glu281 Glu270 n' to Ca orn? bond to Mg2
Val388 Asn283 Asn272 n! bond to Mg2
Long, flexible loop
Lys336 Arg233 Lys215 Crucial residue for catalysis

68 A

Fig. 4. Schematic drawing of a tight dimer of CaAJ® viewed down the crystallographic 2-fold axis. Monomers are colored blue and brown, with
the ligands drawn as ball-and-stick models.

mers of synC with local B point group symmetry. of GSHase contain dimers and tetramers with exact D
Interactions between ncs-related pairs of synC account forsymmetry (Yamaguchet al, 1993), very similar to those
570 and 330 A of buried surface area, respectively. found in synC crystals.

Because the interaction surface of the tight dimer is much

larger and hydrophobic, this dimeric form of synC should .

be prevalent in solution. Most residues in the tight dimer Discussion

interface are conserved between synapsins | and II; thisWe have found evidence suggesting that the C domain of
suggests that synapsin Il can also form dimers, and thatsynapsin (synC) is an ATP-binding protein and, by virtue
even heterodimers of synapsins | and Il may exist. Crystals of its similarity to GSHase, is likely to catalyze the transfer
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Table Il. Summary of X-ray crystallographic data and analyses

Data collection statistics Native (SeMet variant) MeHgCl derivative 2'CATPyS soak
Data set name Ao A3 A MeHg CaATRS
Wavelength [A] 0.9793 0.9789 0.9686 1.0027 1.5418
fre —7.35/2.17 —6.2/5.43 -1.07/3.75

d(min) [A] 2.15 2.15 2.15 2.35 2.20
Completeness t2al) (%) 74.3 72.6 74.0 85.3 74.9
Measurements 105 390 113 267 107 874 114 695 88 952
Unique reflections 55 873 57 094 56 778 56 486 28 177
Rmerge (I>-301) 0.048 0.053 0.048 0.043 0.054
Refinement statistics SYNC (nativg) CaATR/S

Reryst (%0) (F >0) 20.12 20.63

Riree (%) (F >0) 25.72 26.79

Resolution range (A) 30.0-2.15 30.0-2.30

Anomalous scatterer 20 Se atoms 0

Water molecules 161 54

R.m.s.d. bond length (A) 0.012 0.013

R.m.s.d. angles (°) 1.55 1.57

R.m.s.d. improper dihedral angles (°) 1.33 1.41

of the y-phosphate of ATP to a substrate whose exact

(pH 7.5) and 50 mM NaCl for at least 15 h not only preserved the

nature remains elusive. There has been one report in thecrystal quality during freezing, but also led to crystals with reproducible

literature suggesting that synapsin | isolated from rat brain
might be a diacylglycerol kinase (Kahn and Besterman,
1991), but this result could not be reproduced with
recombinant protein (M.Hosaka and T.CdBof, unpub-
lished). The amino acid sequence of the C domain of
synapsin Il is very similar to that of synC (78.6%
identity rat synapsin ll/bovine synapsin [), but binds
mononucleotides without the mediation of divalent cations
(M.Hosaka and T.C.gihof, unpublished). This difference
can be explained by a charge inversion of an active site

cell constants. Isomorphous heavy-atom derivatives were obtained by
soaking pre-equilibrated crystals in fresh cryoprotectant containing 1 mM
MeHgCl and 50 mM HEPES (pH 7.75) for 3-52 h. Similarly, the
complex CaATRS was prepared by treating crystals of synC with
cryoprotectant containing 2.5 mM AYB and 2.5 mM CaGl All crystals

were flash-frozen in liquid propane and stored at 77 K.

Data collection

A summary of the X-ray crystallographic data is given in Table II.
Diffraction data were collected with a Rigaku R-axis Il detector equipped
with a rotating anode (Cu) generator, and on Fuji imaging plates at
beamline X4a at the Brookhaven National Laboratory. A crystal of the
seleno-methionine variant (SeMet-synC) was used to collect three data

residue: a negatively charged residue (Glu373) that bindssets at wavelengtts, = 0.9793 AA; = 0.9789 A and\, = 0.9686 A

to C&" in CaATR/S is replaced by a positively charged
residue (Lys374) in rat synapsin Il and is in an ideal
position to bind to thg-phosphate by way of a salt bridge.

corresponding to the inflection point, maximum and a remote point on
the EXAFS spectrum at the Se K absorption edge. All data were
processed with DENZO, XDisplayF and Scalepack (Otwinowski and
Minor, 1997). Crystals of synC and its derivatives/complexes have the

The findings described here have revealed an entirely NeWsymmetry of the trigonal space group,23 (No. 154) with the respective

aspect of the possible function of synapsin and of its role
in synaptogenesis and synaptic transmission.

Materials and methods

Binding of ATPyS to synC

GST-synC fusion protein was immobilized on glutathione beads. Beads
were washed three times with buffer A (50 mM HEPES-NaOH pH 7.4,
25 mM NaCl, 2mM EGTA with or without 2.1 mM C4d). Assays were
performed in triplicate using 50 nM GST-synC fusion protein and 10 nM
of 35S-labeled ATRS with the addition of the nucleotides indicated in
Figure 2. Controls were performed with GST alone and with fusions of
GST with five other proteins. Beads were incubated at 25°C for 1 h,
then washed three times with 3 ml of buffer A, and the radioactivity
associated with the glutathione beads was counted in a liquid scintillation

cell dimensionsa = b = 76.4 A, c = 180.9 A (SeMet-synCla = b =
76.2 Ac = 180.1 A (MeHg); anda = b = 76.2 A, c = 1822 A
(CaATR/S). There are two molecules, related by approximate 2-fold
symmetry, in the asymmetric unit.

Phase determination

Difference Patterson techniques in combination with difference Fourier
methods revealed the positions of six mercury atoms in MeHg. Sixteen
out of 22 possible selenium atoms in SeMet-synC were located by
difference Fourier synthesis employing experimental phases from MeHg.
Probabilistic phase determination proceeded in MLPHARE (Otwinowski,
1991; Collaborative Computational Project Number 4, 1994) uaing

as native reference data set, while data &gt3\, and MeHg served as
derivatives. The final figure-of-merit is 0.59 to 2.35 A resolution. The
phases were improved further by 2-fold molecular averaging, solvent
flattening and histogram mapping with DM (Collaborative Computational

counter. Data were analyzed by non-linear regression assuming a singleProject Number 4, 1994; Cowtan and Main, 1996).

binding site, using GraphPad PRISM™ software.

Crystallization
SynC was purified and crystallized as described (Wetreg., 1997). The

Model building and refinement
The initial model was built into electron density at 3.0 A resolution
using the program O (Jonex al, 1991). Because the data quality of

seleno-methionine variant SeMet-synC was expressed by the methioninethe seleno-methionine variant exceeded that of any other wild-type synC

auxotrophEscherichia colistrain B834/DE3 (Novagen) growing in a
medium containing 20 mg/l of-seleno-methionine. Purification and
crystallization were identical to that of wild-type synC except that all
buffers contained 10 mM dithiothreitol (DTT) and 5 mM EDTA. Soaking
crystals in a cryoprotectant consisting of 30% PEG-4000, 50 mM HEPES
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crystal, our model of synC contains seleno-methionine residues and has
been refined against data 3gt The SeMet-synC model, containing 292
residues (93.9%), 20 anomalous scatterers (Se) and 161 water molecules,
was refined using reflections witA >0 between 30.0 and 2.15 A
resolution. The overall completeness of data kgtis 73.4% for the
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working set and 8.1% for the cross-validation set. All computations Flaherty,K.M., Wilbanks,S.M., Deluca-Flaherty,C. and McKay,D.B.
were carried out with X-PLOR 3.851 (Bnger, 1992) and resulted in (1994) Structural basis of the 70-kilodalton heat shock cognate protein
working and freeR-factors of 20.2 and 25.7%, respectively. Non- ATP hydrolytic activity. Il. Structure of the active site with ADP or
crystallographic symmetry restraints were maintained at all stages of ATP bound to wild type and mutant ATPase fragmentBiol. Chem,
refinement. The deviations of the final model from ideal bond lengths 269 12899-12907.

and angles are 0.012 A and 1.55°, respectively. All residues are in the Greengard,P. (1987) Neuronal phosphoproteisl. Neurobiol, 1,
most favored (92.2%) or additional allowed (7.8%) regions of the  81-110.

Ramachandran diagram. Hayes,N.V., Bennett,A.F. and Baines,A.J. (1991) SelectivéCa
An initial model of CaATRS was obtained by refining the coordinates dependent interaction of calmodulin with the head domain of synapsin
of the synC model against the observed structure factors of the complex. |- Biochem. J.275 93-97.

The .. map showed density for one nucleotide and one calcium Herzberg,O., Chen,C.CH., Kapadia,G., McGuire,M., Carroll,L.J.,
ion for each monomer. After several cycles of refinement and manual Noh,S.J. and Dunaway-Mariano,D. (1996) Swiveling-domain
rebuilding, coordinates for two AT molecules, two G4 ions and mechanism for enzymatic phosphotransfer between remote reaction
54 water molecules were included. While the adenosyl moieties of both  Sites.Proc. Natl Acad. Sci. USA3, 2652-2657. _ ‘

ATPyS molecules are well defined, the attached pyrophosphate groups HoIm,L. and Sande_r,C. (1993) Protein structure comparison by alignment
are both disordered and were given slightly different conformations. The  Of distance matricesl. Mol. Biol, 233 123-138. _

data quality at the given highest resolution of 2.3 A did not allow us to Inil)’/,\rfé’pt\i/(\:/?/tggii:)eeg.c)tz?: s?/(r)lt;lrj)es}irlfjl ﬁssgcér;:'?sg”l&?b;”;;g toa
resolve the disorder into multiple conformations for each pyrophosphate ’ A oS N :
group. The quality of the geometry of polypeptide chain is similar to Jones,TA., ZO“"]."Y" Cowar_l,S.W. and_ Kjeldgaard M. (.1991) Improved
that of SeMet-synC with an r.m.s.d. of bond distances and angles from methods for building protein models in electron density maps and the

; o : : : location of errors in these modelActa Crystallogr, A47, 110-119.
ideal values of 0.013 A and 1.57°, respectively. All residues are in the ) ) o
most favored (90.5%) or additional allowed (9.5%) regions of the Kahn,D.W. and Besterman,J.M. (1991) Cytosolic rat brain synapsin | is

: o a diacylglycerol kinaseProc. Natl Acad. Sci. US/88, 6137-6141.
ﬁﬁﬁﬁga:;;agnddggg .(frz2ese?)ryrsetsgggtrisggdacwrs are 20.6% KIaggesB.R.I_Eet al (19_96) Invert_ebrate synap§ins: a single gene codes
In both structures (SeMet-synC and CaA®BY, some residues could for several isoforms ifDrosophila J. Neurosci. 16, 3154—-3165.
- g i Kraulis,P.J. (1991) Molscript: a program to produce both detailed and
not be located due to insufficient electron density. Apart from a total of schematic plots structured. Appl. Crystallogt. 24, 946—950
five missing residues at N- and C-termini, there is a break in the main ) y ot '

. . i M K., Mi hi,K., Nishioka,T., K H. N.
chain between residues 330 and 343 and only very weak density was atsuda,K,, 1ZUGUCT, B, Ishioka, 1, atoH., Go, and

. ; - ’ Oda,J. (1996) Crystal structure of glutathione synthetase at optimal
present for residues 167-174 and 191-195 which were included in the 1. 4omain architecture and structural similarity with other proteins.
models but excluded from structure factor calculation by setting their — pooin Eng, 9, 1083-1092.

occupancy to zero. The atomic coordinates of SeMet-synC and G&ATP  y1cpherson,P.S., Czernik,A.J., Chilcote,T.J., Onofri,F., Benfenati,F.,
have been deposited in the Brookhaven Protein Data Bank with accession Greengard,P., Schlessinger,J. and De Camilli,P. (1994) Interaction of
numbers lauv and laux, respectively. Grb2 via its Src homology 3 domains with synaptic proteins including
synapsin I.Proc. Natl Acad. Sci. USA1, 6486-6490.
Mizutani,A., Tokumitsu,H. and Hidaka,H. (1992) Acidic calmodulin-
binding protein, ACAMP-81, is MARCKS protein interacting with
ACknOWIedgements synapsin |.Biochem. Biophys. Res. Commut82 1395-1401.
We thank Dr E.Lee for his help with the expression of the seleno- Murzin,A.G., Brenner,S.E., Hubbard,T. and Chothia,C. (1995) SCOP: a
methionine variant, M.Palnitkar for her excellent technical assistance structural classification of proteins database for the investigation of
and Dr C.Ogata for help with the HHMI beamline X4a at the National sequences and structurgs.Mol. Biol, 247, 536-540.
Synchrotron Light Source at Brookhaven National Laboratory. Otwinowski,Z. (1991) Maximum likelihood refinement of heavy atom
parameters. In Wolf,W., Evans,P.R. and Leslie, A.G.W. (eds),
Isomorphous Replacement and Anomalous Scattering. Proceedings of
the CCP4 Study Weekend 25-26 January 199ERC Daresbury
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