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ABSTRACT. In the central nervous system, a large amount of chelataisieiZisequestered in presynaptic
vesicles of certain glutamatergic nerve terminals. The exo-endocytotic cycle of synaptic vesicles is strictly
linked to the small GTPase Rab3A. Metallothionein-3 Adii-3) has been proposed to be involved in
the intracellular trafficking of ZA" in zinc-containing neurons, but its role in this process is not understood.
By using affinity precipitation and surface plasmon resonance analysis, we show thé&t-Bnbinds
reversibly to Rab3AGDP Kp = 2.6 uM), but not to Rab3AGTP. The binding of ZfMT-3 to Rab3A

GDP is specific as no binding was observed with the metal-free form of MT-3. Mutational studies of
Rab3A mapped the interaction site to the effector binding site of the protein. This location is further
supported by the kinetics of GDP exchange, which was found to be unaffected by binding\bF-3n

to Rab3AGDP. The interaction of ZMT-3 with Rab3A indicates that ZMT-3 is not merely a cellular

Zn?* buffer, but actively participates in synaptic vesicle trafficking upstream of vesicle fusion.

In the mammalian brain, 1015% of the total ZA" is

lothioneins (MTs) 6—8). These proteins are present at high

localized in presynaptic vesicles of zinc-enriched neurons levels in the brain, and they reversibly bind sevef'Zans.

(ZEN),* which belong to a subset of glutamatergic neurons

The Zr#* ions in MTs bind with high affinity to the Cys

(1). ZEN are present in many regions of the central nervous contained in these proteins, lowering the intracellular free
system (CNS) and are especially abundant in hippocampusZn?" concentration to the pico- to nanomolar rangel(0).

Zn** is released from presynaptic neurons in &'Cand
impulse-dependent fashion. The significance of'Zim

Besides providing a high capacity for Znsequestration,
their function as Z#" depots providing a source of Znfor

synaptic transmission is not well understood. The best- Zn?" signals and delivering 2 to intracellular organelles

established function is that Zn modulates the glutamate
receptors onto which it is release®).(Zn?" levels within

has also been suggestetll, MT-3 represents a major
component of the intracellular Zhpool in ZEN (12). This

neurons and in the extracellular space are likely to be protein, also termed neuronal growth inhibitory factor (GIF),

controlled by membrane-bound Zrtransporters of the ZnT
and ZIP families 8). The transporter that concentratesZn
in presynaptic vesicles is ZnT3&)( This has been supported
by the finding thatZnT3”~ mice have no vesicular 2h
throughout the CNS5). Low intracellular free ZA"™ con-

centrations are maintained by the actions of cytosolic metal-

binding proteins, the most abundant of which are metal-
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occurs intra- and extracellularly and shows neuroinhibitory
activity in vitro that distinguishes it from the widely
expressed MT-1 and MT-2 isoform%3, 14). The importance
of vesicular ZA" in kainate-induced seizure was recently
studied by usingnT3/-/MT-3~/~ mice. The studies revealed
that ZnT3 and MT-3 function in the same pathwap)(
Small GTPases act as molecular switches within cells,
particularly as part of signaling pathways. They have a tightly
bound guanine nucleotide, with a significant conformational
difference between the GTP- and GDP-bound state. This
difference in conformation state determines the activity of
the proteins with respect to their interaction with effectors.
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the membrane trafficking machiner¥g). The small GTPase
Rab3A and MT-3 have been found colocalized in hippo-
campal neuronsl{, 18), and their interaction has been
implicated via yeast two-hybrid system studi&8)( Of the
many Rab family members involved in the vesicular targeting
and docking process, Rab3A is involved in’Gaependent
exocytosis, particularly in the release of neurotransmitter
from nerve terminals20).

By applying affinity precipitation and surface plasmon
resonance (SPR), we demonstrate thatMZir3 binds
reversibly to Rab3AGDP, but not to Rab3A5TP. Further-
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more, the binding is specific as no interaction was observed
with the metal-free form of MT-3. We show that the
interaction between ZMT-3 and Rab3A does not affect the
GDP exchange rate. Additionally, we show that,MiT-3
binds to the effector binding site of Rab3A. These findings
identify Zn/MT-3 as a protein involved in synaptic vesicle
trafficking upstream of vesicle fusion.

EXPERIMENTAL PROCEDURES

Materials. Media for protein expression were purchased
from BD (Becton, Dickinson and Co., Sparks, MD). Glu-
tathione Sepharose Fast Flow 4 was purchased from
Amersham Biosciences. GDP 95%) and guanosiné-§3,y-
imido)triphosphate (GppNHp, 93%) were purchased
from Sigma. GTP (80%) was obtained from Roche, and
2'(3)-bis-O-(N-methylanthraniloyl)guanosiné-8iphosphate
(mantGDP) was obtained from Molecular Probes. All
reagents for SPR experiments were purchased directly from
the instrument manufacturer (Biacore AB, Uppsala, Sweden).
All other standard reagents were of the highest purity
available from common commercial sources.

Construction of the GSTRab3A(2-186) Expression
Vector. The expression plasmid pET3c-Rab3a was gener-
ously provided by F. Darche). The cDNA of the Rab3A-
(2—186) deletion mutant was amplified by PCR from pET3c-
Rab3a using the following primers?-5AG GAT CCG CAT
CTG CCA CAG-3and 3-GTC ATC TGC GAG AAG TGA
ATT CAT-3'. The product was subcloned into the pGEX-
2T vector (Amersham Biosciences) usidgmH| and EcoRl

u
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Sephadex G-25 superfine size exclusion column (Amersham
Biosciences). The correctness of the modification was
verified by amino acid analysis (Applied Biosystems Inc.
420A/H amino acid analyzer) and by the determination of
the free Cys content with Z2lithiopyridine (<1 molar
equiv).

Affinity Precipitation.Because GTP will be hydrolyzed

when bound to Rab3A, affinity precipitations were performed
with the stable analogue GppNHp instead. To prepare GDP
or GppNHp-loaded GSTRab3A, a 5uM solution of the
protein was first incubated fo3 h at 30°C in 10 mM
HEPES-NaOH, 150 mM KCI, 1 mM DTT, and 1 mM EDTA
(pH 7.4), which contained either 1 mM GDP or 1 mM
GppNHp. Subsequently, 5 mM Mgg£Wwas added and the
incubation continued for 30 min; 100L of Glutathione
Sepharose 4 Fast Flow beads were loaded by adding 500
L of 5 uM GST—Rab3AGDP, GSTRab3AGppNHp, or,
as a control, GST alone. After incubation for 20 h &Gl
1 mL of 50 uM Zn;MT-3 was added and the incubation
continued fo 2 h atroom temperature. Then the resin was
washed three times with 750 of 10 mM HEPES-NaOH,
50 mM KCI, 5 mM MgChk, and 1 mM DTT (pH 7.4). Upon
addition of 50uL of 50 mM Tris-HCI and 1% (w/v) SDS
(pH 8.0), samples were heated for 10 min at°@ For
immunodetection of MT-3, Cys residues were modified with
monobromobimane (3L samples). The samples were
analyzed by SDSPAGE (15%) and blotted onto a nitro-
cellulose membran€The Western blot was developed using
anti-hMT-3u (29).

Surface Plasmon Resonance (SPR) Binding StugiieR.

as restriction sites. The correctness of the construct Wasexperiments were performed using a Biacore 3000 instrument

verified by matrix-assisted laser desorption ionization time-
of-flight mass spectrometry (MALDI-TOF MS) upon protein
expression (calculated for [GSTRab3A(2-186) + HT],

47 638 Da; observed, 47 672 Da).

Protein Expression and PurificatioMT-3 was expressed
in Escherichia coliand purified as described previousB2(

23). Fully Zr?*-loaded MT-3 was prepared by reconstitution
(24). Metal:protein ratios were determined by measuring the
metal content by flame atomic absorption spectroscopy
(SpectrAA-110, Varian Inc.)22) and that of the protein
spectrophotometrically in 0.1 M HCl4o = 53 000 M*
cmY) (25). In all cases, a metal:protein ratio of 7400.3
was obtained.

The expression plasmid pGEX-rab3A for full-length
GST—Rab3A was a gift of K. Kirk 26). Full-length Rab3A
and Rab3A(2186) were expressed . colias GST fusion
proteins and purified as previously describ2@)( Concen-

(Biacore AB) and a caboxymethylated CM5 sensor chip to
which an anti-GST antibody was covalently coupled using
reagents and protocols supplied by the manufacturer. GST
and the GST fusion proteins Rab3A and Rab3A(86) were
captured to a surface density between 1000 and 2000
response units (RU) through injection oftM samples at a
flow rate of 5uL/min at 30°C. GST-Rab3A and GSF
Rab3A(2-186) were loaded with either GDP or GppNHp
as described for affinity precipitation. The full nucleotide
loading of the proteins after capturing was achieved by
injecting 50uL of 2 mM GDP or GppNHp. Prior to being
used, ZaMT-3 was passed over a Superdex 75 HR 10/30
size-exclusion column (Amersham Biosciences) in 10 mM
HEPES-NaOH, 50 mM KCI, and 5 mM Mg&lpH 7.4).

For SPR binding experiments, all captured proteins were
brought into degassed flow buffer [10 mM HEPES-NaOH,
50 mM KCI, 5 mM MgCh, and 0.005% (v/v) Tween 20

trations of these proteins were determined with the Bio-Rad (pH 7.4)] prior to analyte injection. In SPR experiments, no
DC protein assay using bovine serum albumin as a standardDTT was added to the buffers to avoid the reduction and
GST—Rab3A and GSTRab3A(2-186) were tested for  following inactivation of antibodies immobilized on the chip

GTPase activity by the determination of the amount pof P surface. Tandem flow cells were utilized; one was loaded

released as described previoushr)(
Carboxyamidomethylation of MT-Fhe Cys residues of
MT-3 were modified by carboxyamidomethylation with
iodoacetamide. For the preparation of carboxyamidomethy-
lated MT-3, the metal-free protein was generated).(
Subsequently, metal-free MT-3 (apoMT-3) was incubated
in the dark in 500 mM Tris-HCI6 M guanidineHCI, 5 mM
EDTA, and 10 mM DTT (pH 8.6) for 45 min. A 25-fold
excess of iodoacetamide over DTT was added to this mixture

with GST—Rab3A or GSFRab3A(2-186) (sample chan-

nel), and the other was loaded with GST (reference channel).
The interaction between various forms of GSRab3A and
Zn;MT-3 was studied using a flow rate of 20/min. In
each set of experiments, increasingMi-3 concentrations

of up to 103uM were injected (see figure captions). The
dissociation was initiated by stopping the injection of protein

while the flow of running buffer was maintained. The

(28). The excess of iodoacetamide was removed through a

2The method will be published elsewhere.
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decrease in the magnitude of the SPR signal in the dissocia- R
: o . X S s N
tion phase with time was monitored until the initial level of OQQ &S &
RU was reached. After each set of injections, the anti-GST I \<_:°°
antibody surface was regenerated with 10 mM Gly-HCI (pH Q.%“’ Q:5° <"
e - . A7 A A S
2.2). Binding data were evaluated using steady-state analysis, o | el em i s
plotting the plateau of the SPR signal versus the analyte ) ! : )
concentration. Data were fitted by nonlinear regression ‘
analysis employing BlAevaluation 3.0 (Biacore AB). The o=
dlssouatllon ConstanKD was obtained from a fit to the Ficure 1: Affinity precipitation of GST-Rab3A with ZrMT-3.
hyperbolic equation GST-Rab3AGppNHp, GST-Rab3AGDP, or GST was bound
to Glutathione Sepharose beads and incubated withN8®n-
Req= RnadZNMT-3)/(Kp + [Zn;,MT-3]) MT-3 in the presence of 1 mM DTT. After being extensively

washed, samples were analyzed by Western blot using anti-MT-

Independently, from the change in SPR signal with time 3a antibodies 29).
(dRU/dt) were estimated the association and dissociation rate ) .
constants. The association and dissociation phases were fittef'€ interaction of Rab3A and ZMT-3, we have carried out
to rate equations provided in BlAevaluation 3.0 for a SPR experiments. SPR is a powerful tool for real time
Langmuir 1:1 binding model. measurements of.dlrect proteiprotein interactions that dogs

Nucleotide Release Assa@ST—Rab3A was loaded with ~ not require labeling of the proteins. In contrast, protein
the fluorescent GDP analogue mantGDP by incubation for Protein interactions detected by a yeast two-hybrid system
3.5 h at 30°C in 10 mM HEPES-NaOH, 150 mM KCI, and  Or pull-down method may sometimes reflect nonspecific
1 mM EDTA (pH 7.4) containing a 10-fold excess of binding. The amplitude of the SPR signal is proportional to
mantGDP over GSTRab3A. The reaction was terminated the mass of the bound analyte. Because of the rather low
by the addition of 5 mM MgGl Unbound mantGDP was Mmolecular mass of ZMT-3 (~7 kDa), only a small SPR
removed @ a 5 mLHiTrap desalting column (Amersham signal was expected. In our experiments, we used tandem
Biosciences). For nucleotide release assays, - G&ib3A flow cells where in one cell (sample channel) GSRab3A
mantGDP was diluted to 77 nM in 10 mM HEPES-NaOH, and in the other (reference channel) only GST was captured.
100 mM KCI, 1 mM DTT, and 0.5 mM MgGI(pH 7.4) in Care was taken to capture similar quantities of these proteins
a quartz cuvette. The dissociation of mantGDP in the absencedased on response units (RU). This setup allowed a direct
or presence of 2M Zn,MT-3 was initiated by the addition ~ subtraction of SPR signals in both cells. WhenMm-3 was
of 1. mM GDP. Upon excitation at 360 nm, the fluorescence injected at concentrations in the low micromolar range, a
emission of mantGDP was monitored at 440 nm on a SPEX concentration-dependent reversible binding to the 6ST
fluorolog spectrofluormeter using bandwidths of 9.0 nm for Rab3AGDP-bound form was observed (Figure 2A). As
excitation and 4.5 nm for emission. The internal light shutter judged by the amplitude of the SPR signal, weak reversible
of the instrument was employed to prevent photodecay of binding also occurred when 2MT-3 was injected over a
mantGDP. Data points were collected every 60 s with an GST-Rab3AGppNHp-loaded surface (Figure 2B). Major
integration time of 1 s. The dissociation rate constapis contributions to this signal can be ascribed to incomplete
andkopsWere obtained from two independent measurements exchange of GDP for GppNHp in the sample preparation
employing Origin version 7.5 (OriginLab Corp., Northamp- and to the presence of residual GDP in the GppNHp form

ton, MA) through fitting to the equation (as indicated by the manufacturer). In these SPR studies, each
set of experiments was performed five times. The quantity
1(t) = (I, — I.,) exp—k,t) + 1, of Zn;MT-3 bound at equilibrium Reg) to GST-Rab3A
GDP saturates at low micromolar concentrations (Figure 2A).
RESULTS The signals observed show typical association and dissocia-

Affinity Precipitation of ZAMT-3 and Rab3ATo explore tion chare_lcteristi_cs, and from these data, a stgady—ste_xte plot
a protein-protein interaction between MT-3 and Rab3A, Was obtained (Figure 2C). The data are well fit by a simple
affinity precipitation experiments were performed first. -@ngmuir binding isotherm, yielding a dissociation constant
Therefore, GSFRab3A was loaded with either GDP orthe Ko 0f 2.6 = 1.5 uM. Association and dissociation rate
nonhydrolyzable GTP analogue GppNHp and then im- constgnt_s were o_btaln'ed. from the signal courses of the
mobilized on Glutathione Sepharose beads. This step was2SsSociation and dissociation phases, respectively, assuming
followed by incubation with ZgMT-3. To prevent the Langmu_llr 1_11 binding. An association rate consttmto;
formation of disulfides between Rab3A and;¥fT-3, 1 mM ”:}04 M~ s and a dissociation rate constagi of ~10-
DTT was added. Under these conditions, no*Zwas S Were estimated.
extracted from ZyMT-3. After being extensively washed, The three-dimensional structure of &#iT-3 is mainly
Zn;MT-3 bound to the beads was detected with polyclonal dictated by ZA* binding (7). To show that a well-defined
antibodies against the-domain of MT-3 [anti-hMT-8 MT-3 structure is required for the ZMT-3-Rab3AGDP
(29)]. Similar experiments employing GST and &#T-3 interaction, the binding of metal-free MT-3 (apoMT-3) was
were used as controls. As shown in Figure 1;Mn-3 was also examined. To protect the 20 Cys residues of apoMT-3
only detected together with Rab3BDP, but not with from oxidation, prior to injection all Cys residues were
Rab3AGppNHp, i.e., Rab3AGTP. carboxyamidomethylated. The SPR experiments revealed no

Surface Plasmon Resonance (SPR) Analysis of the Inter-interaction with GSTFRab3AGDP up to 1quM apoMT-3
action of ZnMT-3 with GSFRab3A.To further investigate  (data not shown). Overall, these results indicate that the Zn
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FIGurRe 2: Surface plasmon resonance analysis of the interaction 25}
of GST-Rab3A with ZrMT-3. (A) Representative SPR sen- 0
sograms following injection of 1.56, 3.1, 6.3, 12.5, 25, 50, and 100 i

uM Zn;MT-3 into tandem flow cells loaded with GSTRab3A (') 20600 40600
GDP (sample channel) and GST (reference channel) with on-line .
signal subtraction. (B) As in panel A, but with GSRab3A time (s)

GppNHp loaded (sample channel) and 2.1, 4.3, 8.6, 17.2, 34, 69, Figure 4: Effect of ZnMT-3 binding on the kinetics of nucleotide
and 103M of Zn/MT-3 injected. (C) Representative concentration release from GSTRab3A. Fluorescence time course for the
dependence plots of the equilibrium SPR sigri) for binding dissociation of mantGDP from GSTRab3A (77 nM) in the absence
of Zn;MT-3 to GST-Rab3A loaded withlf) GDP or @) GppNHp. (A) or presence (B) of 2&M Zn;MT-3. The fluorescence decay
was monitored upon the addition of 1 mM GDP (excitation at 360
MT-3 interaction occurs with the GSTRab3AGDP form nm and emission at 440 nm). Curves were fitted with a first-order
and that this interaction is specific. kinetic model, yielding the indicated dissociation rate constants.

Mapping the ZeMT-3-Rab3A Interaction Sitelhe struc- i )
ture of Rab3A is characterized by a long unstructured studied the GDP exchange rates in the presence and absence

C-terminal tail (residues 19€220). This hypervariable of Zn;MT-3. Therefore, GSFRab3A was first loaded with
extension is required for prenylation and targeting to specific the fluorescent analogue of GDP, mantGDP. When mantGDP
intracellular membranes, but it is not essential for nucleotide Was excited at 360 nm, its dissociation was followed upon
binding or hydrolysis. This extension has been removed in the addition of excess GDP through the decreasing fluores-
the crystal structure of Rab3A(8.86) without affecting ~ C&nce of mantGDP emission at 440 nm (Figure 4). Assuming
its GTPase activity 30). Therefore, the deletion mutant asmgle—expor_nennal decay, the release process in the presence
GST-Rab3A(2-186) was generated, and SPR binding ©f Zn7MT-3 [Figure 4B;kops= (2.04 0.2) x 10*s™"] was
studies were performed using GSRab3A(2-186)GDP as fast as in its absence [Figure 4@y = (2.3 + 0.2) x
and ZaMT-3 as described above for the wild-type protein. 104sY. In this case, the nucl'eotlde release from the binary
In Figure 3, the resulting steady-state plot of GSRab3A- complex (Rab3AGDP) is designated ds;s and that from
(2—186) is compared to that of the wild-type protein. The the terary complex (ZMT-3-Rab3AGDP) askas Since
former data are well fit by a simple Langmuir binding the kinetics ofr_lucleoude release were found to be upaffec_ted
isotherm, yielding a dissociation constas of 12 + 2 uM. by the formation of the ternary complex and since its
The lower affinity for Rab3A(2186) compared to the wild- fqrmaﬂon was much faster than nucleotide rele&sgis a
type protein suggests that the C-terminal region of Rab3A direct measure ok.
is important for the binding of ZMT-3.

Effect of Binding of ZiMT-3 to Rab3AGDP on Nucle- ~ D'SCUSSION
otide DissociationTo examine the effect of the ZMT-3- In the CNS, large amounts of Znh accumulate in
Rab3AGDP interaction on the structure of Rab3A, we have presynaptic vesicles of ZEN by a mechanism that requires
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zinc transporter ZnT3 at the vesicular membrafel b, 17). c tail
In response to stimulation, Zhis released into the synaptic A

cleft through exocytosis. The small GTPase Rab3A is (
involved in vesicular trafficking processes and is highly
expressed in neurons where it associates with the membranes
of synaptic neurotransmitter vesicleg, (16, 31). MT-3
represents a major component of the intracellulatzool

in ZEN. This protein binds typically seven Znions into

two metat-thiolate clusters. In contrast to the MT-1 and
MT-2 isoforms, both MT-3 clusters assemble with metal ions

in a noncooperative manneét, 32, 33). More recent studies
established the presence of one redox labile metal site in
the protein structure2@). In addition, MT-3 containing fewer
than seven Z& ions is stable. Apart from these unusual
metal binding properties, MT-3 also exhibits an unprec-
edented conformational flexibility and cluster dynamics
recognized to be important for a proteiprotein interaction

(34). These properties together with the abundance ef Zn
MT-3 in ZEN suggest that it plays an important role in
handling of Zi#" in these cells. This hypothesis is supported
by the work on the role of vesicular Zhin kainate-induced
seizure revealing that ZnT3 and MT-3 function in the same
pathway (5) and by immunohistochemical studies of the 502
rat brain which localized MT-3 in association with synaptic B Do"’gg
vesicles and postsynaptic densiti8§)( In the study reported GTP ° “fp—— Zn2*/NT
here, evidence for the interaction of &AT-3 with Rab3A GDP ,

is presented.

Initially, we have studied the proteitrprotein interaction
by affinity precipitation. The obtained results revealed an 'S
interaction of ZrRMT-3 with Rab3AGDP but not with @
Rab3AGTP (Rab3AGppNHp). Our SPR experiments es- [ e @
tablished that the interaction of AviT-3 with Rab3AGDP ,983° 0
is specific as no binding was observed with the predomi- o0®
nantly unstructured apoMT-3 form. The determined dis- |
sociation constant for the ZMT-3-Rab3AGDP complex @
equaled 2.6:M. This value is comparable to those of other
well-established Rabprotein interactions such as Rab3A °:3§go
Rim1l Kp = 1—2 uM) (36) or Rab5CEEAL (Kp = 3.3uM) ik
(37). In this context, it should be mentioned that the cytosolic
amount of MT-3 is relatively large3g), which would shift plasma membrane
the equilibrium of the interaction to the complex site. To synaptic cleft
gain insight into the ZMT-3-Rab3AGDP interaction at the
molecular level, a deletion mutant of Rab3A lacking the
C-terminal tail (residues 187220) was generated. The FiGURE5: Model for the interaction of ZMT-3 with Rab3A in
corresponding SPR experiments showed thaMZi3 has the synaptic vesicle cycle. (A) Proposed binding surface far Zn

. . .. MT-3 on Rab3A. The crystal structure of Rab3A{@B92) (PDB
approximately 5 times weaker affinity for Rab3A¢286) entry 1ZBD) is shown in a complex with GppNHB9). The three

than that obtained for the wild-type protein. This suggests RabCDR sites are colored blue and the two switch regions yellow.
that the C-terminal region of Rab3A is important for the The distance between RabCDR3 (Lys-186, purple) and the switch
ZnMT-3-Rab3AGDP interaction. region Il (Tyr-84, purple) spans approximately 30 A (black arrow).

; ; e i _On the basis of the data presented in this studyManr3 (overall
Rab3A interacts Wl_th many effector proteins in its GTP dimensions ofi~ 40 A andb ~ ¢ ~ 20 A: represented as a gray
bound form. The binding or release of the effector to or from oval) likely binds in the cleft formed by the RabCDRs and the

Rab3A is mediated through two switch regions. They exhibit switch regions opposite from the nucleotide-binding site. This panel
a significant conformational difference between the GTP- was generated using Swiss-PDB Viewer version &0).((B)
and GDP_bound Sstate and are thus respons|b|e for theputative Slmpllfled scheme of the involvement of MT-3 in the exo-

- - e endocytotic cycle of synaptic vesicles: R in circle, RabGAP;
selectivity of the effector binding. In addition, the effector " square, Rab3/DP; M, MT-3: NT, neurotransmitter. For

binding involves three Rab complementarity-determining simpiification, the exo-endocytotic cycle was divided into phases
regions (RabCDRs). Figure 5A shows the crystal structure I1—Ill according to the accessibility of MT-3 for interaction with
of Rab3A(16-192) 39) with the switch regions (yellow) Rab3A. In phase I, MT-3 does not bind to the RabGAP complex.
and the RabCDRs (blue) indicated. Besides the involvement'n phase Il, upon hydrolysis of GTP, Rab38DP is complexed

. . . with GDI which makes the interaction surface inaccessible for MT-
of the C-terminal region (RabCDR3) of Rab3A in&#T -3 3. In phase I, Rab3AGDP is bound to the vesicular membrane

binding, the proteir-protein interaction also distinguishes  and the binding interface for MT-3 is accessible (for the complete
between the GDP- and GTP-bound form of Rab3A. There- synaptic vesicle cycle, see r&8).
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fore, ZyMT-3 must also interact with at least one of the the basis for a better understanding of its role in variod$Zn
switch regions. The distance between Lys-186 in RabCDR3rich cell types.

and the switch region 1l spans30 A (see Figure 5A). The

three-dimensional structure of MT-3 has not yet been fuly ACKNOWLEDGMENT
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