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ABSTRACT. GGA proteins regulate clathrin-coated vesicle trafficking by interacting with multiple proteins
during vesicle assembly. As part of this process, the GAT domain of GGA is known to interact with both
ARF and Rabaptin-5. Particularly, the GAT domains of GGAL1 and -2, but not of GGA3, specifically
bind with a coiled-coil region of Rabaptin-5. Rabaptin-5 interacts with Rab5 and is an essential component
of the fusion machinery for targeting endocytic vesicles to early endosomes. The recently determined
crystal structure of the GGA1 GAT domain has provided insights into its interactions with partner proteins.
Here, we describe mutagenesis studies on the GRdbaptin-5 interaction. The results demonstrate that

a hydrophobic surface patch on the C-terminal three-helix bundle motif of the GAT domain is directly
involved in Rabaptin-5 binding. A GGAS3-like mutation, N284S, in this Rabaptin-5 binding patch of GGA1
led to a reduced level of Rabaptin-5 binding. Furthermore, a reversed mutation, S293N, in GGAS3 partially
establishes Rabaptin-5 binding ability in its GAT domain. These results provide a structural explanation
for the binding affinity difference among GGA proteins. The current results also suggest that the binding
of GAT to Rabaptin-5 is independent of its interaction with ARF.

Clathrin-coated vesicles (CCVyepresent a major type has been identified as the structural entity that interacts with
of vesicular carrier that moves between intracellular com- the membrane-bound form of ARF (ADP ribosylation factor),
partments as well as plasma membrane for the transport ofa GTPase molecular switch initiating CCV assemtl§)(
both materials and cellular informatiod)( It has recently The GAE domain has been shown to contain sites for
become clear that a family of GGA (Golgi-localizedear- interaction with many proteins, including Rabaptin-5, the ear
containing, ARF binding) proteins play important roles in domain of they-adaptin subunit of the AP-1 complex, and
the CCV trafficking betweetrans-Golgi network (TGN) and y-synergin 8, 6). Recently, the GAT domain has also been
endosome compartments, including cargo selection andfound to interact with Rabaptin-5, thus demonstrating a
recruitment of clathrin and accessory proteins to the budding divalent interaction between GGA and Rabaptint2)(

site @—5). GGA proteins are monomeric in solution and  Rapaptin-5, an 862-residue protein, is an effector of Rab5
present in a variety of organism<8). There are three GGA  hich functions as a molecular switch in the fusion of
isoforms in humans (GGAZ3), each composed of four  endocytic vesicles to early endosoni@,(14). The involve-
distinct domains. From the N- to C-terminus, the domains ment of Rabaptin-5 in this process is an essential and rate-
are VHS (VPS27, Hrs, and STAM), GAT (GGA and TOM1  |imjting step (L5). It is present mainly in the cytosol, but a
homologous), hinge region, and GAE-&daptin ear ho-  small pool of this protein is also found at the cell membrane
mologous). Important functions have been assigned to eachy16). Structurally, Rabaptin-5 appears to contain multiple
of these domains3(6, 9, 10). In particular, the GAT domain  cojled-coil regions, each of which is capable of forming

. : homodimersn vitro (15) and may mediatén vivo dimer-
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ARF and other GTPase switches, Rab5 alternates betweernc., Frederick, MD). In circular dichroism (CD) spectro-
the active GTP-bound and inactive GDP-bound forms. The scopic analysis, selected GAT mutants were subjected to a
active form is usually promoted by a guanine nucleotide 190-300 nm wavelength scan using a J-715 spectropola-
exchange factor (GEF), while the inactive form results from rimeter (Jasco Inc., Easton, MD) to confirm their correct
GTP hydrolysis promoted by a GTPase activating protein secondary structure contents. GST fusion proteins of the GAT
(GAP). The conformational difference between the active domains of wild-type GGAZ2 (residues 15342) and GGA3
and inactive forms of the molecular switch is sensed by (residues 147313) and two variants with S293N (i.e.,
downstream effectors, and the information is propagated andSer293 to Asn) and S293D substitutions in the GST
sometimes amplified along the trafficking pathway. As an GGA3'"7~313 parent construct were expressed and purified
effector, Rabaptin-5 interacts with GTP-Rab5 through a in a similar manner.
highly conserved C-terminal domain (residues 7882) To express the recombinant human Rabaptin-5 fragment
(17). In addition, Rabaptin-5 uses an upstream sequence to(residues 551862), Rabaptin-5 cDNA corresponding to this
form a tight complex in the cytosol with a Rab5-specific region was subcloned into the pET15b vector (Novagen,
GEF, Rabex5Z0), comprising a key component of the fusion Madison, WI) and expressed . coli strain BL21(DE3).
machinery. Interestingly, the hydrolysis of Rabaptin-5 by an The recombinant His tag fusion protein was purified with
apoptotic protease() results in the loss of membrane fusion affinity chromatography using the Hi-trap chelating column
activity. This observation opens the possibility of involve- (Amersham Biosciences) charged witi#Niand eluted with
ment of Rabaptin-5 in the regulation of endosome fusion a buffer containing 0.2 M imidazole. This material was
during apoptosis. further purified using Resource-Q ion exchange chromatog-
The crystal structure of the GGAL1 GAT domain, recently raphy, and a peak eluting at250 mM NaCl was dialyzed
determined by us and othe2X-25), shows that it contains  against 10 mM Tris-HCI (pH 8.0) and 0.1% (v/fgymer-
four helices in an elongated overall shape. The longest helix captoethanol and stored on ice. The protein concentration
participates in two structural motifs: an N-terminal helix ~ was determined using the Bradford protein assay (Bio-Rad
loop—helix motif and a C-terminal three-helix bundle. The Laboratories, Hercules, CA). A shorter construct encoding
N-terminal motif contains a hydrophobic surface patch, Rabaptin-5 residues 55661 was subcloned into plasmid
which is found to directly interact with ARF in a complex pET11a, and overexpressed as inclusion bodies. The refold-
crystal structureZ4). The elongated structure and its surface ing and purification for this protein were carried out using
characteristics are consistent with the multiple functional essentially the same procedure described previo&dy (
roles for the GAT domain. To gain insight into the structural While Rabaptin-5*61 did not show oligomerization,
basis underlying the function of GATRabaptin-5 interac-  Rabaptin-5°182 exhibited a strong tendency to form oli-
tion, we carried out a structural modification study on GAT, gomers under a nonreduced condition in a native gel filtration
using point mutations and truncation variants. The results experiment, presumably caused by two free cysteine residues
show that the three-helix bundle region of the GAT domain (718 and 734) in the latter construct. In the presence of 0.2%
is intimately involved in Rabaptin-5 binding. Specifically, [-mercaptoethanol, however, most of the recombinant
the interactions cluster in a hydrophobic patch located within Rabaptin-5°1-862 molecules remained a lower-molecular
the groove region between helices A3 and A4 of GAT. A weight form [presumably dimerd7)]. The construct of the
GGA1- and -2-specific Rabaptin-5 binding determinant is GTPase domain of human Rab5a encoding residues 13
identified within this patch. 184 and its purification have been discussed previo@y. (
GST-Mediated Pull-Down Assay for Studying GAT
EXPERIMENTAL PROCEDURES Rabaptin-5 InteractionAn aliquot containing~30 ug of a
Protein Expression and Purificatioifhe constructs of the ~ GST—GAT variant fusion protein was incubated for 30 min
glutathioneStransferase (GSTHGAT (residues 144326 at 22 °C with 20 uL of a 50% slurry of GSH-Sepharose
of human GGAZ1) fusion and its three-helix bundle version 4B beads in a final volume of 500L of binding buffer
(residues 216326) have been described previoug@)( For containing & PBS [phosphate-buffered saline (pH 7.4)],
the expression of truncated GAT, GGAZ3%?, cDNA 0.2% (v/v) Triton X-100, and 0.2% (v/\j-mercaptoethanol,
corresponding to this region was amplified with polymerase supplemented with a protease inhibitor cocktail (Roche
chain reaction and subcloned into the plasmid pGEX6P1 Diagnostics, Mannheim, Germany). Beads containing im-
(Amersham Biosciences, Piscataway, NJ) to be expressednobilized GST fusion protein were washed three times by
as a GST fusion protein. Point mutations were introduced resuspension in 1 mL ofsd PBS and centrifugation (3 min
into the GSTFGGA1#1-326 parent construct in a pGEX6P1  at 200@). Washed beads were incubated foh at 4°C
plasmid, verified by sequencing and expressdéscherichia ~ with 30 ug of recombinant Rabaptin®%-82in 1 mL of
coli strain BL21(DE3). Recombinant proteins from cell binding buffer, washed three times each with 1 mL of binding
lysates were purified by affinity chromatography using a buffer, resuspended in 30L of 2x SDS sample buffer,
glutathione (GSH)Sepharose 4B column (Amersham Bio- incubated for 10 min at 90C, and centrifuged to recover
sciences) followed by Resource-Q ion exchange chroma-proteins of the complex from the supernatant. The sample
tography (Amersham Biosciences), dialyzed against 10 mM was subjected to 12.5% SB®AGE analysis and visualized
Tris-HCI (pH 8.5) and 0.1% (v/vp-mercaptoethanol, and  with Coomassie brilliant blue (CBB) stain.
stored on ice. The protein concentration was calculated on Assay of ARFGAT Binding. A pCDNA3 expression
the basis of the extinction coefficientsdo = 44 000 AU/M vector containing cDNA of the full-length human AR¥1-
for GST-GGA1#13%6 GST-GGA1'7%302 and GSTF mutant (residues-1181) was transfected into HelLa cells for
GGA1210-326 constructs) estimated from the amino acid transient expression of ARF1 using the Lipofectamin 2000
sequence using the computer software Vector NTI (InforMax, transfection kit (Invitrogen, Carlsbad, CA). The transfected
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cells were grown in a T-25 culture flask for 36 h, resuspended expressing the target protein as described previo@8|y20).

in buffer A containing k PBS, 1 mM EDTA, 1 mM MgCJ, Confluent BHK-21 (baby hamster kidney) cell monolayers
1 mM dithiothreitol (DTT), 1% (v/v) NP40 detergent, and were grown ina-minimal essential mediumofMEM)
protease inhibitor cocktail, and lysed by repeated ejection containing 5% fetal bovine serum in 35 mm culture dishes.
of the cells through a 21 gauge needle. The supernatant ofThe cells were infected with either an empty-vector virus as
the homogenate, first collected from low-speed centrifugation a negative control or the recombinant virus expressing GAT
for 10 min at 4°C and then at 1200@Cfor 1 h at 4°C, was and incubated at 37C in a tissue culture incubator with
used for the binding assays. An aliquot of supernatant (60 5% CQ; for 4 h. Horseradish peroxidase (HRP) uptake was
uL containing ~50 ug of total cell lysate proteins) was initiated by replacing the medium with serum-freeMEM
preincubated in buffer A with 3QuM GTP analogue  containing 5 mg/mL HRP and 1% bovine serum albumin,
guanosine 50-(3-thiotriphosphate) (GTP[S], Roche, India- followed by a 30 min incubation at 3TC. The internalized
napolis, IN) for 30 min and then with 10g of the GST HRP activity was then analyzed as described previo@dy (
GGA14+3%6 fysion protein (prebound to 26L of a 50% The GAT domain contained an engineered Myc epitope fused
slurry of GSH-Sepharose 4B beads) in the presence of to its N-terminus, which allowed us to confirm the overex-
varied concentrations of Rabaptif*5852 (final volume of pression of the GAT domain in the cell by Western blot
170 uL) for 1 h at 22°C with gentle shaking. The beads analysis with an anti-Myc antibody (Sigma, St. Louis, MO).
were washed three times with 500 of buffer A and placed  Another GAT construct without the Myc tag was also
in 25 uL of 2x SDS sample buffer at boiling temperature. constructed and analyzed, and the results were essentially
The eluted protein was subjected to 10% SIPRGE and the same.

blotted onto PVDF membrane (Millipore Co., Bedford, MA).

The blot was incubated sequentially with monoclonal mouse RESULTS

anti-ARF antibody (Affinity Bioreagents, Golden, CO) and i , , i

then peroxidase-conjugated anti-mouse IgG and detected on  R@Paptin-5 Binds to the C-Terminal Three-Helix Bundie
film using Renaissance Chemiluminescence Reagent plusf the GAT DomainThe GGA1 GAT domain contains two

(Amersham Biosciences). The presence of Rabaptin-5 in thediStinct structural regions: an N-terminal hetiloop—helix
complex was confirmed by CBB stain. motif and a C-terminal three-helix bundle motif. We previ-

26
Biomolecular Interaction Analysis Using Surface Plasmon ou'sly demonstr'ated that a GGAL fragment, .GW
ResonanceAffinity binding constants for association of (Figure 1.A)’ which encompasses the.three—hellx bundle and
GGAL GAT with Rabaptin-5 fragments were quantitatively a 24-re5|du¢ extension at the C't.er;glgegs' blnds to _a_Rabap-
determined by surface plasmon resonance (SPR) using "> C-terminal fragment, Rabapti ; With an affinity

BIACORE 3000 biosensor (BIACORE Inc.). Recombinant comparable to that of the construct containing the full-length
GGAILM-325ith the N-terminal GST fusion protein cleaved GAT domain, GGAL#722¢(22). In the current study, we

; ; first confirmed a previous observation seen in a yeast two-
was prepared at a concentration ofu§/mL in 10 mM ) - . L R
sodium acetate (pH 5.0) and immobilized onto the sensor hypr_lc_J assay12), i.e., Rabaptin-5 .eXh'b'tS different binding
chip surface of a carboxymethylated dextran matrix in affinities for the t_hree GAT domains from GGALl t_o GGAS3.
random orientations, primarily through reactions between In our GST-mediated pull-down assay of recombinant GAT

carboxyl moieties of the dextran and amino residues on the2nd Rabaptin-5 proteins, GGA3 GAT did not bind with

protein surface. Sequential injections were applied to achieveE.%pagtin'sszlm' 'wrg)ille d.GGAl. and éz GAdeorr:wair&_s ex-
an average surface density of 500 RU (response unit). Nibited roughly 1:1 binding (Figure 2A). To further discern

Analyses were performed in a running buffer of 10 mM the interacting region, we constructed another GAT fragment,

HEPES (pH 7.2), 150 mM NaCl, 0.1 mM DTT, and 0.005% GGA1170-39%2 which excludes the terminal mobile regions

(v/v) P-20 surfactant at 2%C. Rabaptin-58%2 and Rabaptin- in the crystal structure. In a pull-down experiment, we
5551661 in varied concentrations (0.682.5 mM) were observed that the immobilized GST fusions of both

170-302 10-326 i i
injected over the sensor surface for 3 min, at;@0min, GGATL , apd GGAE CC’,Uld effectlvelly r etrlev'e.
followed by a 3 min buffer-only dissociation period. Interac- Ra'?ap“f"5 (Figure 2B), suggesting that the binding aﬁln_lty
tions were recorded in the form of sensorgrams with resides in the overlapped region of the two constructs, i.e.,

nonspecific refraction subtracted automatically and concur- residues 216302 of GGAL.
rently. After each cycle, the sensor surface was regenerated TWo Rabaptin-5 fragments were prepared and compared
by injecting 5uL of 2 M MgCl, and 1 mM DTT followed for their ability to interact with full-length GGA1 GAT.
by a 2 min equilibration in the running buffer. First the Rabaptin-5*°**had been shown to interact with the GGA1
dissociation rate constark.{) and then the association rate and -2 GAT domains 12), while a longer fragment,
constant K.,) were calculated using homogeneous kinetics Rabaptin-5'-% extended into the C-terminal Rab5 binding
for dissociation and association type-1 models through domain. In a surface plasma resonance experiment, the
BlAevaluation software (version 3.1). Apparent equilibrium recombinant protein of the shorter construct, Rabaptin-
dissociation constants were calculated using the equiiion ~ 5°°*°, exhibited~5-fold stronger binding than the longer
= kofi/kon, based on a model on average of one GAT binding one, mainly due to a faster on-rate (Table 1). It suggests
site per Rabaptin-5 monomer. that, under these experimental conditions, the extra C-
Horseradish Peroxidase Uptake Assajie cDNA of the terminal segment in the longer construct hinders binding to
GGAl GAT domain (residues 14B14 of GGA1) was the GAT domain by making it somewhat less accessible.
subcloned into the uniquebd site of the double subgenomic Delineation of the Structural Determinants of Rabaptin-
Sindbis virus vector Toto10002J, and the resulting con- 5—GAT InteractionOn the basis of our recently determined
struct was used to generate recombinant viruses capable otrystal structure of the GGA1 GAT domain, we carried out
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Ficure 1: Constructs and mutations. (A) Multiple truncation constructs were made from Rabaptin-5 and GGAL. Relevant functional motifs
or domains are boxed and labeled. (B) The amino acid sequence of the three-helix bundle region of the GGA1 GAT domain, including the
full length of helix A2, is aligned with those of GGA2 and GGAS, followed by point mutations which were introduced into thel&GG&1
background. GGA1 sequence numbers and positions of helice®\AZ22) are marked on top of the sequences. GGA3-like mutations are
boxed. Positions showing mutations affecting Rabaptin-5 binding are marked with triangles.

mutagenesis studies on GGAL GAT to identify residues that revealed that they clustered around a hydrophobic patch on
are important for its interaction with Rabaptin-5. A total of the surface of helices A3 and A4 (Figure 3B,C). These results
18 individual point mutations were introduced at 17 positions suggest that the hydrophobic patch of GGA1 GAT, including
in GGA1 GAT (Figure 1B, plus P261R). Most of them were the six residues, plays an important role in the interaction
designed to invert or introduce electric charges to maximize with Rabaptin-5. Furthermore, of the GGA3-like substitution
the mutational effect on the GATRabaptin-5 interaction.  mutants that we selected in this experiment, two were located
Five mutations adopted the residues from human GGA3 in this Rabaptin-5 binding patch: the N284S substitution
(boxes in Figure 1B, plus P261R) since it has been shownexhibited a reduced affinity, while the P261R retained its
not to bind Rabaptin-51Q) (see Figure 2A). The remaining binding ability. Interestingly, the P261E substitution at the
mutations were selected to cover a wide surface area of thelatter position abrogated the binding.

three-helix bundle motif. Pull-down experiments showed that A GGA1-like Mutation Establishes Rabaptin-5 Binding
mutants P261E, F264R, R265E, L277R, N284S, and D285RAbility in the GGA3 GAT DomainWhile the wild-type

of GGA1l GAT exhibited drastically reduced affinity for GGA3 GAT domain lacks Rabaptin-5 binding ability (see
Rabaptin-5 (Figure 3A). The possibility that the lack of Figure 2A), the GGA3-like GGA1 GAT mutant, N284S,
binding was due to incorrect folding is unlikely as the CD described previously, weakened the binding ability of GGAL.
spectra of these mutant proteins were similar to that of the A question naturally follows. Can the Rabaptin-5 binding
wild-type GAT (data not shown). Examination of the location ability be established in GGA3 by introducing a GGA1-like
of these six affected residues in the crystal structure of GAT mutation? To address this question, we introduced a point
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(A) GAT of Rabaptin-5°1-862 (Figure 4), suggesting that ARF1 and
GST GGAl GGA2 GGA3 Rabaptin-8°1-862 hind to GAT independently.
4> «GST-GAT Overexpression of the GGA1 GAT Domain in Mammalian

“Rabaptin-5 (551-862) Cells Has No Effect on Endocytos&ince Rab5 Rabaptin-5
interaction is crucial for endocytosis, we addressed the
possibility that overexpression of GGA GAT could cause a

®) 2 3 dominant-negative inhibition of Rab3Rabaptin-5 interaction
o — *Rabaptin-5 (551-862) and thus abrogate endocytosis; such interference could
\ R <— GST-GAT (210-326) implicate a functional role for the Rabaptin-5 interaction with
\ M GST-GAT (170-302) GAT-containing proteins. The endocytic activity of BHK
— GST-GAT (141-326) cells overexpressing the GGA1 GAT domain was monitored

FiGURE 2: GAT—Rabaptin-5 interactions. (A) Interactions of the ~following HRP uptake. We observed that the activity of HRP
GAT domain from GGATGGA3 and the Rabaptin-5 C-terminal  internalization was essentially unaffected by GAT overex-
fragment were assayed with a GST-mediated pull-down experiment. pressjon as compared to a negative control of an empty vector
(B) Pull-down assays for interactions between the GGAL GAT qata not shown). For comparison, with an expression level
truncation variants and Rabaptif?5862 Fusion proteins of GST . : N . -

GAT variants, i.e., GGA132 (lane 1), GGA1*32 (lane 2), similar to that of the GAT domain, a dominant-negative Rab5
and GGAR0-326 (Jane 3), were prebound to GStSepharose beads ~ mutant reduced the rate of HRP uptake by more than 80%
and incubated with recombinant Rabaptf§5862 The material (30). These results indicate that the endogenous Rab5
bound to the beads was subjected to SPAGE and CBB staining.  Rabaptin-5 interaction is not disrupted in these cells by the

overexpressed GGAl GAT domain. Consistent with bio-

Table 1: Affinity Data for Rabaptin-5 Variants Binding to GAT chemical data showing that Rab5 and GAT bind to different
kon (x1C° Kott Ko sites on Rabaptin-51@, 17), it is possible that Rab5 and a
M™s™) (x10°s™) (nM) GAT-containing protein may simultaneously bind to Rabap-
GGA141-326 Rabaptin-5°1661  44+0.2 88+0.2 2041 tin-5 and form a ternary complex that remains functional in
GGA141-3%6 Rabaptin-5°82 0.63+0.2 6.1+0.3 97+ 36 endocytosis.

aData were measured with a BIACORE biosensor. Rabaptin-5
variants, each at 10 varied concentrations, were injected over the sensoD|SCUSSION
surface bound with GAT, and the binding interactions were recorded
in the form of sensorg_rams, from Whi.Ch associat_io_n and dissociation The cellular function of GGA proteins in vesicular
constants were Qetermlned on the.baS|s of global fittings. Stgndard errortraﬁicking is endowed largely by its four domains interacting
values were estimated on the basis of the results from two independent” . - .
experiments, each of which contains duplicated measurements. with multiple protein pgrtner_s. The GAT. domain, .Second
from the GGAL N-terminus, is known to interact with two
. . ) proteins, ARF and Rabaptin-5. Interaction of GAT with ARF
mutation, S293N, into the GGA3 GAT domain and per- (g) gefines the vesicle-assembling site on the membrane and
formed a GST-mediated pull-down experiment t0 assay f4jjitates subsequent interactions with other proteins in the

Rabaptin-5 binding. Sequence alignment indicates that assembly complex4j. The structural component of GAT
Ser293 of GGAS3 corresponds to Asn284 of GGAL (see aiyibyted to this interaction is the highly conserved N-

Figure 1B); therefore, the S293N mutant of GGA3 was (grminal helix-loop—helix motif (22—24). Interaction of
selected to establish the binding ability. A second mutation, gaT with Rabaptin-5, particularly with regard to GGA1 and
S293D, which is structurally similar but chemically different G2, is presumably a part of the mechanism for delivery
from the previous one, was also made in the same back-y¢ transport vesicles to target compartmerit) (

ground construct as a control. As shown in Figure 3D, the
results demonstrated that the GGA1-like S293N mutation,

but not its homologous mutant S293D, was able to partially o : P ! : .

: . I o GAT is intimately involved in its interaction with Rabaptin-5
gstabl'lsh_lfﬂe E%baptm—sbmtndmg étlr?mtt)\//vm thetht;A3 GATt (see Figure 3). This patch includes residues Pro261, Phe264,
thoTam. i. d etrencs € v¥een iti € 283m_u Fg]GSAZugg’[?]S SLeu277, and Leu281. Mutations at residues Arg265, Asn284,

at a speciric interaction of position n wi and Asp285 also diminished the level of Rabaptin-5 binding,

Rabaptin-5 is required for the binding. On the other hand, indicatin o ;
P . g that these and perhaps other hydrophilic residues
the binding is noticeably weaker than that of the GGA1 GAT bordering the hydrophobic patch may also be involved in

domain, implying that contributions to the binding from other binding. The postulated Rabaptin-5 binding surface is
GGAL sites are absent in GGA3. ~15 A across, judging from the crystal structure of GGA1
Binding of Rabaptin-5 to GAT Is Independent of the GAT ~ GAT (22). Meanwhile, the GAT binding region of Rabap-
ARF Interaction.Since both ARF and Rabaptin-5 bind to tin-5 (residues 553661) is predicted to be a parallel coiled
the GGALl GAT domain, we addressed the question of coil (17). Thus, its interaction with GAT likely involves helix
whether these two interactions were interdependent. To testsurfaces from the two proteins, for example, through helix
such a possibility, we carried out a GST-mediated pull-down bundling. Since the molar ratio of GAT to Rabaptin-5 is
experiment to study effects of Rabaptin-5 on the ARFAT likely to be 1:1 (see Figure 2A), two GAT domains may
interaction. Cell lysate from Hela cells containing a con- symmetrically bind to the Rabaptin-5 coiled-coil dim&r),
stitutively activated ARF1 mutant (ARR1Y) was allowed The putative Rabaptin-5 and ARF bindirgp(-24) sites are
to bind the GSTGGA1'*+326 construct in the presence of located in the two motifs of the GAT structure with a distance
varying amounts of Rabaptirf8-82 We observed no  of >35 A (from G,178to C,28! of GGAL) and face opposite
detectable differences in ARF binding at any concentration directions (see Figure 3B24). This distance and orientation

Data from the current study suggest that a hydrophobic
patch on the surface of the three-helix bundle motif of GGA1
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Ficure 3: Effects of point mutations of GGA1 GAT on Rabaptin-5 binding. (A) Pull-down assays for interactions between the GGA1
GAT mutants and Rabaptirt3-82 Recombinant fusion proteins of GSGGA141-326 variants were prebound to GStSepharose beads

and incubated with recombinant Rabapthi¥5862 The material bound to the beads was subjected to-SEXSGE and CBB staining. The

top band is GSTFGGA1141-326 (48 kDa), and the bottom band is Rabaptfil5*¢2 (36 kDa). The experiment was repeated multiple times,

and the results were essentially the same. (B) Stereoview of the distribution of the point mutations in the three-dimensional structure of
GAT. C, atom positions of the point mutations are marked with spheres. Those affecting Rabaptin-5 binding are colored red; otherwise,
they are colored yellow. (C) Structure of the putative Rabaptin-5 binding site of GAT. Residues known to be involved in the binding are
labeled in red; those not involved are labeled in blue, and those unknown in binding are labeled in green. (D) Pull-down assays for interactions
between the GGA3 GAT mutants and Rabaptif-5%2 Experimental details were the same as those for panel A, except GGA1 variants

were replaced with GGA37-313 variants.

are consistent with our observation that ARF and the mutant indicates that a residue at this position is involved in
Rabaptin-5 C-terminal fragment bind to GAT independently the binding either via a direct contact with Rabaptin-5 or

(see Figure 4).

indirectly by changing the local conformation on the GAT

Rabaptin-s has been shown to have different b|nd|ng side. The GGA3-like P261R mutation did not show a

affinities for three human GGAs (Figure 2AL3); the

significant change in Rabaptin-5 binding, suggesting that this

functional consequence of this difference, however, remains position is not responsible for the specificity that distin-
unclear. Although the three-helix bundle region of GAT is guishes between GGAL and GGA3 in terms of their ability
only moderately conserved among the three human GGAs,to bind Rabaptin-5. However, N284S, another GGA3-like
the degree of homology of the residues within the proposed mutation in the patch, showed a reduced level of Rabaptin-5
Rabaptin-5 binding patch is significantly higher. One notable binding, thus providing a plausible explanation for the
exception is found in the middle of helix A3, where Pro261 difference in the Rabaptin-5 binding specificity among the
in GGAL1 and -2 becomes an arginine residue in GGA3. This three GGAs. Such a possibility is further supported by a
proline residue clearly contributes to a kink at the middle of reversed mutation that changes Ser293 of GGAS3 to the

helix A3 (residues 244269) in the GGAL structure2g—

corresponding GGAL residue, Asn, and patrtially establishes

25). The reduction in the binding affinity of the P261E Rabaptin-5 binding ability in the otherwise incompetent
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Ficure 4. GAT—Rabaptin-5 binding does not disrupt the GAT
ARF interaction. GST alone (negative control) or the GST
GGA1*41-326 fysion protein (1Qug) was preincubated with GSH
Sepharose beads and cell lysate containing AR¥Ein the presence
of different concentrations of Rabaptifi®582 (0—120 ug). The
material bound to the beads was subjected to-SBSGE and CBB
staining (for GSTGAT constructs and Rabaptin-5) or Western
blotting (for ARF1). This pull-down assay shows no effect of
Rabaptin-5 on the GATARF interaction. The experiment was
repeated multiple times, and the results were identical.

GGAS3 GAT domain (see Figure 3D). The current mutagen-
esis results also allow an examination of Rabaptin-5 binding
potential in proteins with domains homologous to GAT. For
example, TOM1-like proteinglj are moderately homologous
with the C-terminal three-helix bundle regio®2j of GGA
GAT but are devoid of the ARF binding hetixtoop—helix
motif and, thus, do not bind to the Golgi membraid)(
The residues corresponding to the Rabaptin-5 binding
hydrophobic patch of the GGA GAT are not conserved in
TOML1. The N-terminal domain of syntaxin proteins shares
a similar folding topology with the GGA1 GAT domaig¥),
although the level of homology is meager at the primary
sequence level. For example, in syntaxin-6 (PDB entry 1lfv),
no hydrophobic patch equivalent is observed in its three-
helix bundle. Therefore, it is unlikely that these proteins
would bind Rabaptin-5 through a mechanism similar to that
used by a GGA GAT.

What could be the functional significance of the Rabaptin-
5—GGA interaction? Since Rabaptin-5 plays important roles
in early endosome fusiorl9), it is hypothesized that the
GGA—Rabaptin-5 interaction enables fusion of TGN-derived
vesicles with endosomed?), allowing the unloading of
cargos from the TGN to the endosomal syste38).( The
GGA proteins promote ARF-dependent recruitment of clath-
rin to the TGN through its hinge region C-terminal to the
GAT domain B1). Binding of Rabaptin-5 to the GAT
domain, on the other hand, leads to the dissociation of
clathrin from the vesicle. In additioim vivo overexpression
of Rabaptin-5 shifts the localization of intracellular GGA1
and diverts the association of cargo to enlarged early
endosomesl@). These observations suggest a possibility that
GGA—Rabaptin-5 interaction promotes the endosome fusion

process by shedding clathrin. Our current data suggest that

Rabaptin-5 binding does not disrupt GGARF interaction
(see Figure 4). Thus, the dissociation of clathrin may not be
a direct result of dissociation of GGA from ARF; instead,
Rabaptin-5 may interfere with the GG#lathrin binding
through a stereo and/or electrostatic conflict.
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