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Abstract

Rab?7 facilitates vesicular transport and delivery from early endosomes to late endosomes as well
as from late endosomes to lysosomes. The role of Rab7 in vesicular transport is dependent on its
interactions with effector proteins, among them Rab-interacting lysosomal protein (RILP), which
aids in the recruitment of active Rab7 (GTP-bound) onto dynein—dynactin motor complexes to
facilitate late endosomal transport on the cytoskeleton. Here we detail a novel bead-based flow
cytometry assay to measure Rab7 interaction with the Rab-interacting lysosomal protein (RILP)
effector protein and demonstrate its utility for quantitative assessment and studying drug-target
interactions. The specific binding of GTP-bound Rab7 to RILP is readily demonstrated and shown
to be dose-dependent and saturable enabling Ky and Bmax determinations. Furthermore, binding is
nearly instantaneous and temperature-dependent. In a novel application of the assay method, a
competitive small molecule inhibitor of Rab7 nucleotide binding (CID 1067700 or ML282) is
shown to inhibit the Rab7-RILP interaction. Thus, the assay is able to distinguish that the small
molecule, rather than incurring the active conformation, instead ‘locks’ the GTPase in the inactive
conformation. Together, this work demonstrates the utility of using a flow cytometry assay to
quantitatively characterize protein—protein interactions involving small GTPases and which has
been adapted to high-throughput screening. Further, the method provides a platform for testing
small molecule effects on protein—protein interactions, which can be relevant to drug discovery
and development.
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1 Introduction

1.1 Rab7 and Its Effector Protein RILP Are Disease Relevant Proteins

Rab?7 is a ubiquitously expressed Ras-superfamily GTPase, which functions in the endocytic
pathway of mammalian cells to regulate vesicular traffic from early to late endosomes and
then to lysosomes while playing a role in lysosome biogenesis [1-4]. Rab7 function is




1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Agola et al.

Page 2

pivotal for lysosome-mediated degradation of endocytosed signaling receptors, defective cell
surface proteins, and excess internalized lipid [4, 5]. Under conditions of nutrient starvation,
Rab7 mediates fusion of autophagic vacuoles with lysosomes to release key metabolites for
cell survival [6, 7]. The homeostatic balance of these processes is crucial to cell growth and
differentiation, with misregulation often resulting in human disease.

Rab?7 is associated with inherited and acquired neurologic diseases, cancer, and infectious
diseases. Typical examples include Charcot—Marie—Tooth type 2B (CMT2B) disease, which
causes axonal degeneration and is linked to four Rab7 missense mutants [8], other
neurodegenerative diseases and retinal degeneration associated with reduced Rab7 function
in autophagy [9-13], and genetic lipid storage disorders such as Batten and Niemann—Pick
Type C diseases that are in part caused by Rab7 inactivation due to the accumulation of
cholesterol in late endosomes [14, 15]. Disease-causing pathogens also often hijack the
endocytic machinery where Rab7 is pivotal to gain access to the cell interior for infection,
replication, and long-term survival [16-18]. These representative examples of Rab7-
associated diseases illustrate how alteration of the GTPase regulatory cycle, effector protein
interactions, as well as vesicular trafficking and signal transduction processes can give rise
to disease and thus, collectively calls for the need to explore diverse intervention approaches.

The 45 kDa Rab-interacting lysosomal protein (RILP) is one of several Rab7 effector
proteins [19-23]. Recruitment of RILP by active (GTP-bound) Rab7 regulates
endolysosomal morphogenesis and microtubule minus-end directed transport through the
recruitment of the dynein—-dynactin motor complex [23-25]. Recruitment of RILP is also
vital for processes such as phagosome maturation and fusion with late endosomes and
lysosomes [26, 27].

Biochemically, Rab7 interaction with RILP has been assessed primarily using glutathione
beads and GST-RILP for pull-down assays followed by protein electrophoresis and
immunodetection, which often do not provide quantitative information [28, 29]. The method
described here uses glutathione flow cytometry beads and GST-RILP, followed by detection
using a flow cytometer. Such, use of bead-based flow cytometry to measure protein—protein
interactions is not only quantitative, but also provides an enabling environment for the
application of high-throughput screening (HTS) approaches. For HTS, the bead-based
method can be adapted to screening a protein of interest against protein libraries to identify
potential interacting partners or screening libraries of small molecules that may modulate
protein—protein interactions. Applying the latter case to Rab7, for instance, can help in
identifying small molecules with the potential to regulate Rab7 activity that may be relevant
to Rab7-associated diseases.

1.2 Rationale for a Bead-Based Flow Cytometry Assay for Quantitative Measurement of
Rab7-Effector Protein Interactions

Use of the described bead-based flow cytometry approach to quantitatively characterize
Rab7 interaction with RILP, as a model effector protein, is a viable alternative to the
conventional glutathione-S-transferase (GST) pull-down method that is at best
semiquantitative. We demonstrate that RILP interacts with active Rab7 only when bound to
GTP, demonstrating specificity and that this specific binding is dose dependent and
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saturable, enabling Bmax and Ky determination. Furthermore, the interaction is shown for the
first time to be time and temperature dependent. When the small molecule 2-
(benzoylcarbamothioylamino)-5, 5-dimethyl-4, 7-dihydrothieno[2,3-c]pyran-3-carboxylic
acid (PubChem: CID 1067700 or ML282) was incorporated in the assay as a modulator of
Rab7 activity, we obtained the novel result that this small molecule, previously characterized
as a competitive inhibitor of Rab7 nucleotide binding [30], freezes Rab7 in a GDP-like
conformation that does not bind RILP. The method has utility for quantitatively assaying
effects of small molecules on Rab7 nucleotide bound status in cells, by using cell lysates in
lieu of purified Rab7 in the assay. The experimental procedure is also readily adapted to
investigating individual protein—protein interactions or identifying novel partners using HTS
approaches [31, 32].

2 Materials

2.1 Reagent Sources

Reagents used in this report were obtained from various sources. Sephadex G-25,
glutathione (GSH) Sepharose 4B, and Superdex (dextran/cross-linked agarose beads
designed for peptide separation; 13 um particle size with an exclusion limit of 7 kDa) are
available from GE Healthcare (Piscataway, NJ). BODIPY (4,4-difluoro-4-bora-3a,4a-diaza-
s-indacene or dipyrromethene boron difluoride) nucleotide analogs (BODIPY-GTP; 2”-(or
37)-O-[N-(2-aminoethyl)urethane] G-35778 and BODIPY-GDP; 2’-(or-3")- O-[ N-(2-
aminoethyl)urethane], G-22360) were from Invitrogen (merged with Life Technologies,
Grand Island, NY). ProBond™ system for His-tagged protein purification was from Life
Technologies (Grand Island, NY). GSH Sepharose 4B (GE Healthcare Bio-Sciences,
Uppsala, Sweden). GFP-Rab7 was cloned into the pE-Sumo T7, amp vector from
LifeSensors (Malvern, PA), which has a 6xHis Tag for optimal bacterial expression of
soluble protein and ease of purification [33]. Amicon Ultra Centrifugal Filters (30K
MW(CO) were obtained from Millipore Ireland Ltd. Protein concentrations were determined
using a Bradford Colorimetric Assay from Bio-Rad (Hercules, CA) Unlabeled nucleotides
(GDP, GTP, and GTP-y-S) and buffer components were from Sigma (St. Louis, MO, USA).
2-(benzoylcarbamothioylamino)-5,5-dimethyl-4, 7-dihydrothieno[2,3-c]pyran-3-carboxylic
acid (PubChem: CID 1067700 or ML282) was from ChemDiv Inc. (San Diego, CA, USA)
and is also available from Sigma-Aldrich and Cayman Chemical. Where applicable, a
Becton Dickinson FACScan flow cytometer with a 488-nm excitation Argon (Ar) laser and
standard detection optics was used for all assays [34]. Concentrations of BODIPY-linked
nucleotides were based on absorbance measurements and an extinction coefficient value of
80,000 M~ cm1 at 488 nm. The major materials used in each relevant experimental
procedure are further captured below.

2.2 Synthesis of GSH Beads for Flow Cytometry Assays

1 Superdex dextran/cross-linked agarose beads (13 pm, 7 kDa exclusion limit) in
buffered suspension.

2. Reduced GSH solution.
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Water soluble bis-epoxide, ethanol, sodium hydroxide, and 4-butanediol
diglycidol ether.
15 ml coarse sintered glass filter.
Sodium phosphate and EDTA solutions.

Appropriately supplemented HEPES (4-(2-hydroxyethyl)-1-
piperazineethanesulfonic acid) based buffers as explained in Subheading 3.

2.3 Expression and Purification of GST, GST-RILP, GST-Rab7, His-Rab7, and His-SUMO-
GFP-Rab7 in Bacterial Cells

1

2
3.
4

Competent £. coliBL21 (DE3) cells.
LB agar plates and liquid broth supplemented with 100 pg/ml ampicillin.
PGEX vector for GST expression.

Plasmids encoding GST-Rab7 (pGEX Rab7), GST-RILP (pGEX RBD-RILP),
His-Rab7 (pRSET Rab7), and His-SUMO-GFP-Rab7 (pE-Sumo T7 amp GFP-
Rab7).

Isopropyl-beta-d-1-thiogalactopyranoside (IPTG).
Affinity purification resins (nickel resin—ProBond™ and GSH Sepharose 4B).

Appropriately supplemented phosphate-based buffers and other necessary
chemicals.

2.4 Immobilization of GST, GST-Rab7, and GST-RILP on GSH Beads

1
2.
3.

13 um GSH-coated beads.
Purified GST, GST-Rab7, and GST-RILP.

Appropriately supplemented HEPES-based buffer as explained in Subheading 3.

2.5 Measurement of Specific Interaction Between Rab7 and RILP Effector Protein

1.

2
3.
4

13 um GSH coated beads.
Purified GST, GST-RILP, and His-Rab7.
Nucleotides: BODIPY-GTP dissolved in water.

Appropriately supplemented HEPES-based buffer as explained in Subheading 3.

2.6 Measurement of Time-Dependent Rab7 Interaction with RILP

1
2.
3.

13 um GSH-coated beads.
Purified GST, GST-RILP, His-Rab7, and GFP-Rab7.

Nucleotides: Unlabeled GDP, BODIPY-GTP, BODIPY-GDP, and GTP-y-S in
water.
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4, Appropriately supplemented HEPES and phosphate-based buffers as explained
in Subheading 3.

2.7 Measurement of Temperature- Dependent Rab7 Interaction with RILP
1 13 pm GSH-coated beads.

2 Purified GST-RILP and His-Rab7.
3. Nucleotides: BODIPY-GTP in water.
4 Appropriately supplemented HEPES-based buffer as explained in Subheading 3.

2.8 Measurement of the Kinetics of BODIPY-GTP Displacement from Rab7 by Competitive
Guanine Nucleotide- Binding Inhibitor (CID 1067700 or ML282)

1 13 pm GSH-coated beads.
Purified GST-Rab7.
DMSO solvent.

2
3
4, Small molecule (PubChem: CID 1067700 or ML282) dissolved in DMSO.
5 Nucleotides: Unlabeled GDP and BODIPY-GTP in water.

6

HEPES-based buffers with appropriate supplementation as explained in
Subheading 3.

2.9 Measurement of Rab7 Interaction with RILP in the Presence of a Competitive Guanine
Nucleotide- Binding Inhibitor (CID 1067700 or ML282)

1 13 um GSH-coated beads.

2 Purified GST-RILP and GFP-Rab7.

3 Nucleotide: GTP-y-S dissolved in water.
4. Small molecule: CID 1067700 or ML282.
5

HEPES-based buffers supplemented appropriately as explained in Subheading 3.

3 Methods

Subheading 3.1 provides an overview of a flow cytometric Rab7- effector binding assay with
application to other Ras-superfamily GTPases. Subheadings 3.2-3.6 provide more detailed
descriptions of methods and representative results for Rab7-effector protein binding
measurements using RILP as a representative example; including determination of Ky and
Bmax,» Kinetic measurements, temperature dependence of binding, and the effect of a small
molecule inhibitor of Rab7 nucleotide binding on effector interaction. Subheading 3.7
provides information on data analysis methods.
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3.1 Experimental Design of a Bead-Based Flow Cytometry Assay and Its Application to
Measurement of Protein—Protein Interactions

In biochemical assays, elucidation and characterization of protein—protein interactions often
involves time-consuming preparation of cell lysates containing candidate proteins and then
confirming evidence of interaction with antibody-based immunoblotting methods. The
caveats of these approaches tend to be: (1) it is difficult to obtain quantitative information,
(2) other proteins in the cell lysates can influence the assay outcome, and (3) assays are
often subject to the quality and performance of the individual antibodies used for detection.

Sklar and colleagues pioneered the use of a bead-based flow cytometry approach to
quantitatively measure protein—protein interactions associated with G-protein coupled
receptors, initially taking advantage of streptavidin—biotin interactions [31, 32]. Further
development of methodologies based on the use of GSH-beads and GST-fusion proteins led
to the award of US patent 7,785,900 [35]. Nevertheless, traditional GST pull down and other
nonquantitative or semiquantitative methods still remain in wide use [36, 37]. A bead-based
flow cytometry assay for characterizing Rab GTPase and effector protein interactions can be
set up in two ways using recombinant GST-fused RILP immobilized on GSH beads (Fig. 1a,
b). In the first way, Rab7-RILP interaction is measured indirectly based on an increase in
bead-associated fluorescence reflecting the binding of a Rab7-BODIPY-GTP complex to
RILP (Fig. 1a). In the second way, Rab7—RILP interaction is measured directly based on the
binding of GFP-Rab7 in the presence of nonhydrolyzable GTP-vy-S with GFP fluorescence
measured by the flow cytometer (Fig. 1b). By applying these two approaches, the specificity
of the protein—protein interaction between Rab7 and GSH bead-immobilized RILP is readily
established.

3.2 Reagent Preparation for Quantitative Protein—Protein Interaction Measurements

3.2.1 Synthesis of GSH Beads for Flow Cytometry Assays (see also Note 1)—
Superdex dextran/cross-linked agarose beads are extruded from a column, activated with a
water-soluble bis-epoxide, and then coupled to reduced GSH purged with nitrogen or argon
gas. One milliliter of 50 % slurry of beads in 20 % ethanol is reduced to a wet cake using a
15 ml coarse sintered glass filter, and washed three times with 15 ml water to remove the
ethanol. The wet cake is transferred to a small screw-cap tube, and the filter is rinsed with
0.3 ml of water, which is added to the tube. The beads are suspended by vortexing, then 60
ul of 10 M NaOH and 300 pl of 1,4-butanediyl diglycidyl ether (formerly butanediol
diglycidyl ether) are added, and the suspension is rocked gently at 40 °C for 4 h.

The epoxy-activated beads are rinsed four times on a coarse sintered-glass filter. For the
preparation of high site density beads, 600 ul of 200 mM GSH in 100 mM sodium phosphate

16GSH Bead Synthesis and Alternatives. GSH prepared in phosphate buffer can reduce the pH of the solution. It is crucial to readjust
the pH to 7.5 prior to incubation with the epoxy-activated Superdex beads for the coupling reaction to be effective. As an alternative,
polystyrene beads (6-8 um) precoated with GSH may be purchased (GSHP-60-5) from Spherotech (Lake Forest, IL). However, it
should be noted that the polystyrene beads exhibit higher nonspecific binding than GSH cross-linked to dextran/cross-linked agarose
beads as described here. Therefore, the substitution of GSH-polystyrene beads must be carefully optimized using relevant controls. For
example, an irrelevant GST-fusion protein is best used as a negative control instead of beads coated with GST, which gives higher than
expected background signal. Additionally, when using beads of a smaller diameter, the conditions for saturating with GST-tagged
proteins and maximal binding of ligand must be optimized accordingly [34, 38], see also Note 2.

Methods Mol Biol. Author manuscript; available in PMC 2018 July 05.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Agola et al.

Page 7

(pH is 7.5), 1 mM EDTA, is added to the epoxy-activated beads. The beads are kept in
suspension for 16 h at 40 °C, then rinsed twice with 0.01 % dodecyl maltoside. Beads with
about 40-fold less GSH derivatization are prepared using 20 mM GSH and reacted for 2 h.
The remaining active sites are blocked with 1 % 2-mercaptoethanol for 2 h. The beads are
then rinsed twice followed by storage in 30 mM HEPES, pH 7.5, 100 mM KCI, 20 mM
NaCl, 1 mM MgCl, with 0.01 % dodecyl maltoside and 0.02 % NaN3 at 4 °C as a 50 %
slurry, which corresponds to ~2.5 x 105 beads per microliter, or 25 assays of 10* beads each
per microliter. High site density GSH derivatized beads have been successfully used for flow
cytometry-based assays of GTPases and HTS of activators and inhibitors [38] (se¢ also Note
2).

3.2.2 Expression and Purification of Recombinant Proteins—Competent £. coli
(BL21) are used for transformation and expression of GST-Rab7, GST-Rab7-binding
domain (RBD) of RILP (prepared as previously described by Dan Cimino [39]). Competent
BL21(DE3)pLysS E. coli are used for transformation and expression of His-Rab7 or His-
SUMO-GFP-Rab7. Transformants in all cases are selected on Luria—Broth (LB) agar plates
containing 100 pg/ml ampicillin. Individual drug-resistant colonies (~20) are used to
inoculate 100 ml of LB broth liquid cultures that are grown at 37 °C to a bacterial density of
0.5-0.7 absorbance units measured at 595 nm. Protein expression was induced by transfer to
room temperature and addition of 0.2 mM isopropyl-beta-d-1-thiogalactopyranoside (IPTG)
for 16-18 h to maximize yield of properly folded active fusion protein. (For pGEX vectors,
IPTG induces gene expression directly under the control of a Ptac (hybrid trp/ lac) promoter;
for pRSET vectors, IPTG enables gene expression under the control of a T7 promoter via
activation of LacZ-dependent T7 polymerase expression encoded by a lamba lysogen carried
by the bacterial strain).

Purification of GST-Rab7 and GST-RILP is then performed according to standard published
procedures [34, 38]. In brief, bacterial cells are snap frozen and thawed and lysed using a
micro-tip sonicator (Misonix Inc., Newtown, CT, U.S.A.). Cell lysates are centrifuged at
8,000 x gfor 10 min to pellet the cellular debris. GST proteins are purified by batch
purification method per GSH Sepharose 4B manufacturer’s instructions (GE Healthcare) and
eluted with 10 mM GSH. Eluted protein is concentrated using Amicon® Ultra centrifugal
filters (30K MWCO) and washed with three times with 10 volumes of HEPES buffer (30
mM HEPES, pH 7.5, 20 mM NaCl, and 100 mM KCI supplemented with 1 mM EDTA, 1
mM dithiothreitol (DTT)) to simultaneously remove excess GSH. Protein concentrations are
determined using a BCA assay. Single-use aliquots are snap frozen and stored at —80 °C
until used for experiments.

Purification of His-Rab7 or His-SUMO-GFP-Rab7 is performed by suspending the
harvested bacterial cell pellets in cold native binding buffer for purification of His-tagged

2 Calculating Bead-Binding Sites and Assuring Saturation Binding of GST-Fusion Proteins to GSH Beads. Utilizing the previously
determined kinetic and equilibrium-binding constants for GST fused to green fluorescent protein (GST-GFP) binding to GSH beads is
useful in establishing the optimal stoichiometric mixtures of GSH beads and individual GST-fusion proteins so as to achieve saturating
site occupancies [34, 38]. The saturable site occupancy values for GST-GFP are a measure of the amount of bead-associated GSH.
Based on a Ky for GST-GFP binding of approximately 80 nM, the optimal concentration of GST-fusion protein required to fully
saturate the GSH sites on the beads is taken as 10 x K, giving 91 % saturation.
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Rab7 proteins using the native protein purification method (manufacturer’s instructions for
protein isolation via nickel affinity resin, Life Technologies). Bacterial cells are lysed using
lysozyme and a microtip sonicator (Misonix Inc., Newtown, CT, U.S.A.), and cell debris
removed by centrifugation as earlier. The supernatant is mixed with freshly prepared
ProBond™ nickel chelating resin and bound at room temperature for 45 min using gentle
agitation to keep the resin suspended in the lysate solution. Resin with bound protein is
settled using low speed centrifugation (800xg) followed by multiple washes before eluting
the nickel bound His-tagged protein with imidazole-based native elution buffer. Imidazole is
removed by dialysis and protein is concentrated using Amicon® Ultra centrifugal filters
(10K MWCO) followed by quantification using BCA protein assay. Single-use aliquots
stored at —80 °C are used in the experiments.

3.2.3 Immobilization of GST, GST-Rab7, and GST-RILP on GSH Beads for Flow
Cytometry—-Purified GST, GST-Rab7 protein, or GST-RILP at 1 uM is incubated in 96-
well plates or microfuge tubes at 4 °C overnight with 10° GSH beads in a total volume of
100 pl of HEPES buffer supplemented with 1 mM EDTA and freshly prepared 1 mM
dithiothreitol (DTT). Beads in 96-well plates were kept suspended by rotation at ~300 rpm,
while beads in microfuge tubes were kept suspended by slow end-over-end rotation. At the
maximal concentration of protein, approximately 5 x 108 GST-Rab7 molecules are bound to
each bead. This represents a concentration of ~8 nM bead-bound protein [38]. Unbound
protein is removed by centrifugation twice at 800 x g followed by resuspension of washed
beads in fresh buffer (30 mM HEPES, pH 7.5, 20 mM NaCl and 100 mM KCI, 1 mM
EDTA, 1 mM DTT, 0.1 % BSA).

3.2.4 Preparation of Nucleotide-Bound, Active Rab7—The assay requires
exchanging endogenous nucleotide by preincubating purified Rab7 with excess BODIPY-
GTP in the presence of ethylenediaminetetraacetic acid (EDTA) as metal cation chelator.
Addition of exogenous magnesium cations to ‘lock’ bound BODIPY-GTP onto Rab7 prior
to testing on immobilized RILP is also an important step in ensuring quantitative
measurements. Increasing concentrations of His-Rab7 (purified on nickel beads as described
under Subheading 3.2.2) are incubated with a fixed concentration of BODIPY-GTP (500
nM) in a buffer-promoting nucleotide exchange (30 mM HEPES, pH 7.5, 20 mM NacCl and
100 mM KCI, 5 mM EDTA, and 0.1 % BSA) for 20 min at room temperature. Bound
nucleotide is ‘locked-on’ the GTPase with the addition of 20 mM MgClI, (final) and then the
solutions are transferred to ice. The nucleotide must be kept cold to avoid GTP-hydrolysis
and consequent conversion of the GTPase to the inactive conformation. Interaction
measurements between Rab7 and RILP are initiated by mixing BODIPY-GTP-bound Rab7
with thoroughly washed GST-RILP immobilized on GSH beads. BODIPY-GTP-bound Rab7
mixed with GSH beads without bound protein and GST-coated GSH beads serve as negative
controls. The mixtures are allowed to incubate for 15 min at room temperature before
making fluorescence measurements on a FACScan flow cytometer using the fluorescein
filter set (FL1). For GTPases with rapid hydrolysis rates, use non-hydrolyzable GTP-y-S in
lieu of GTP. His-SUMO-GFP-Rab?7 is loaded with GTP-y-S as detailed in 3.4.1.
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3.2.5 Flow Cytometry Measurement of Bead-Associated Fluorescence—
Recorded parameters of each event are based on light scattering and fluorescent properties.
On the FACScan flow cytometer, GSH beads are first identified based on forward and side
scattering. Fluorescence measurements from 1,000 events (beads) are averaged to mean
channel fluorescence (MCF). Tubes suitable (Product No. 352008, BD Bioscience, San Jose,
California, U.S.A.) for flow cytometry are used and reactions are diluted at least tenfold in
HPSM buffer (30 mM HEPES, pH 7.5, 20 mM NaCl, 100 mM KCI, 1 mM DTT, 1 mM
EDTA, 0.1 % BSA, and 20 mM MgCl,). This dilution step is necessary to ensure
discrimination between bead-associated fluorescence and background fluorescence of
soluble proteins as well as to ensure sufficient sample volume for the measurement.

3.3 Quantitative Measurement of the Specific Interaction Between Rab7 and RILP

GST-RILP-coated beads (10E5 beads/100 ul buffer) are incubated with increasing
concentrations of His-Rab7 prebound to BODIPY-GTP for 30 min with mild agitation at

4 °C as described in 3.2.4 and the bead-associated fluorescence is compared to that obtained
with GST-coated or naked GSH beads. Rab7 is able to specifically bind to GSH beads
coated with GST-RILP in a dose-dependent saturable manner with minimal interaction with
either immobilized GST or naked GSH beads (Fig. 2a, b). The specificity of the observed
interaction agrees with studies that have used techniques other than flow cytometry to show
that RILP is a protein—protein interaction partner of Rab7 [28, 29, 40]. The Rab7-RILP
interaction measured using the described bead-based flow cytometry approach, yielded a
Binax Value of (506.20+28.66)x103 Rab7-BODIPY-GTP bound molecules per bead and
equilibrium dissociation constant (Ky) of 1.87 £ 0.25 puM, calculated assuming one binding
site per immobilized RILP for every Rab7 molecule. These results show that the interaction
of Rab7 with RILP can be quantitatively measured by flow cytometry using small amounts
of pure protein.

3.4 Measurement of the Time-Dependent Rab7 and RILP Interaction

3.4.1 Methods for Long-Term and Rapid Kinetic Measurements Using Flow
Cytometry—For long-term kinetic measurements, purified GST or GST-RILP is incubated
with 13 pm GSH beads as already described. One micromolar His-Rab7 ‘locked-on’ with
500 nM BODIPY-GTP or BODIPY-GDP is then incubated with bead immobilized GST or
GST-RILP for increasing time intervals (0—150) min. Mean channel fluorescence (MCF) is
then obtained on the FACScan flow cytometer by diluting the bead mixture 10-fold in
HPSM buffer (see Section 3.2.6) based on BODIPY fluorescence.

Early time point protein—protein association Kinetic measurement is used to assay Rab7
interaction with RILP. GST-RILP is first incubated with 13 pm GSH beads overnight as
already described. Nucleotide-bound Rab7 is then prepared by incubating 1 pM GFP-Rab7
purified on nickel beads with 1 uM GTP-y-S or 1 uM unlabeled GDP in a nucleotide
exchange buffer (30 mM HEPES, pH 7.5, 20 mM NaCl and 100 mM KCI, 5 mM EDTA,
0.1 % BSA, and 1 mM DTT) at room temperature for 20 min. Bound nucleotide is ‘locked-
on’ with 20 mM MgCl;, (final) and then put on ice. Real-time interaction between Rab7 and
RILP is then initiated by mixing thoroughly washed GSH mobilized GST-RILP with
nucleotide ‘locked-on” GFP-Rab7. Mean channel fluorescence (MCF) is then obtained in
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HPSM buffer (30 mM HEPES pH 7.5, 20 mM NacCl, 100 mM KCI, 1 mM DTT, 1 mM
EDTA and 0.1 % BSA, 20 mM MgCls,) on the FACScan flow cytometer based on GFP
fluorescence.

3.4.2 Representative Kinetic Measurements of Rab7-RILP Interaction—
Traditional GST pull-down assay procedures are not suited for kinetic measurements. In
contrast, the described bead-based flow cytometry method for protein—protein interaction
measurement provides a robust and economical way of quantitatively measuring the time
dependence of the interaction with only minor modification of the procedures.

To measure the time-dependent interaction of Rab7 with RILP, the binding of purified GFP-
Rab7 to immobilized RILP is measured by monitoring bead-associated changes in GFP
fluorescence. Concentrations of GST-RILP, GFP-Rab7, unlabeled GDP, and GTP-y-S are
held fixed in this case. GFP-Rab7 interaction with GSH bead-immobilized GST-RILP is
found to occur within sample mixing time and with almost instantaneous kinetics both in
long term (Fig. 3a), and in early time point assessments of binding kinetics (Fig. 3b)—seen
as a rapid and saturable rise in bead- associated fluorescence. Further tests of the specificity
and validity of flow cytometry-based Rab7-RILP binding measurement using unlabeled
GDP show no binding to RILP by GFP-Rab7 prebound to unlabeled GDP (Fig. 3a),
confirming that Rab7 has to be in the GTP-bound state for interaction with the RILP effector
protein to take place as previously observed [28, 29, 40]. Addition of unlabeled GDP is also
able to competitively displace GTP-y-S from the Rab7 nucleotide-binding pocket and cause
the dissociation of GFP-Rab7 from the GST-RILP beads (Fig. 3a). When the rate of GFP-
Rab7-GDP dissociation (Fig. 3b) is fitted to a single-phase exponential decay function using
PRISM software, a calculated value of 0.020 + 0.004 min~1 is deduced. Taken together,
bead- based flow cytometry measurements are highly specific with only Rab7 in the GTP-
bound nucleotide being able to bind RILP and further illuminate that Rab7 binding to RILP
is very fast. Moreover, the use of GFP-Rab7 does not compromise RILP binding and is a
useful tool for defining the equilibrium and kinetic parameters of the Rab7-RILP protein-
protein interaction.

3.5 Measurement of the Temperature Dependence of Rab7 and RILP Interaction

3.5.1 Methods for Measuring Temperature-Dependent Protein—Protein
Interaction—For the measurement of protein—protein interaction at varying temperatures
(4-37 °C), GST-RILP (1 uM) is incubated with 13 pm GSH beads overnight at 4 °C in
HPSM buffer (see Section 3.2.6). The following day, increasing concentrations of His-Rab7
are incubated with fixed concentrations of 500 nM BODIPY-GTP in a nucleotide exchange
buffer (30 mM HEPES, pH 7.5, 20 mM NaCl and 100 mM KCI, 5 mM EDTA, 0.1 % BSA,
and 1 mM DTT) for 20 min before adding 20 mM MgCl, (final) to ‘lock’ the bound
nucleotide. Bead-immobilized GST-RILP is washed thoroughly with the same buffer system
and then in cubated with nucleotide-bound Rab7 for 15 min at temperatures of 4, 22, and
37 °C. Fluorescence measurements are then obtained on Flow Cytometer using HPSM
buffer as outlined in Section 3.4.1.
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For temperature-shift experiments, purified 1 uM GST-RILP is first bound to beads in
HPSM buffer. BODIPY-GTP-bound Rab7 is prepared as described in 3.2.4. To initiate the
protein—protein interaction, BODIPY-GTP-bound Rab7 and thoroughly washed bead-
immobilized GST-RILP are first mixed together on ice and then progressively shifted to

4 °C, 22 °C, and finally to 37 °C. On the FACScan flow cytometer, fluorescence
measurements or MCF are made of Rab7-BODIPY-GTP bound to the RILP beads as a
function of time following each temperature shift. All measurements are obtained in HPSM
buffer as outlined in Section 3.4.1.

3.5.2 Representative Temperature-Dependent Rab7 and RILP Interaction
Measurements—Temperature is an important determinant of protein—protein interactions
because of its ability to affect the rate of protein conformation changes and molecular
collisions. Typically, the rate of protein—protein interaction is favored at elevated
temperatures due to enhanced frequency of molecular collisions at elevated temperatures.
The bead-based flow cytometry assay was used for testing the impact of varying
temperatures at 4 °C, 22 °C, and 37 °C on Rab7 and RILP interactions. The experiment is
carried out with increasing concentrations of His-Rab7 against fixed concentrations of bead-
immobilized RILP and BODIPY-GTP. His-Rab7 binding to RILP increases as the
temperature is raised from 4 °C to 22 °C (Fig. 4a). Not surprisingly, when the assay is
conducted at 37 °C, the fluorescence intensities—used as the measure of BODIPY-GTP-His-
Rab7 bound to the RILP beads—are substantially lower across all concentrations of His-
Rab7. In a kinetic temperature- shift experiment, His-Rab7, BODIPY-GTP, and bead-
immobilized RILP are first mixed on ice and then progressively shifted to 4 °C, 22 °C and
finally to 37 °C. Fluorescence measurements are made of Rab7-BODIPY-GTP bound to the
RILP beads as a function of time following each temperature shift. A steady increase in
binding is observed for temperature shifts from 0 °C through 22 °C, but again a sudden drop
in fluorescence is observed as the reaction mixture is shifted from 22 °C to 37 °C (Fig. 4b).
Estimation of the rate of temperature-induced fluorescence loss is made by fitting the 37 °C
time points (Fig. 4c) to a two-phase exponential decay function. The rate constants of 0.0436
+0.053 and 0.014 + 0.003 min~1 for the fast and slow phases of fluorescence loss,
respectively, are deduced, where the rate constant value calculated for the fast phase of
fluorescence loss is statistically close to that measured for the dissociation of GFP-Rab7-
GDP from RILP (Fig. 3a). The sudden drop in fluorescence at 37 °C is most likely due to
Rab7-mediated hydrolysis of BODIPY-GTP to BODIPY-GDP resulting in a Rab7
conformational change which leads to Rab7 dissociation from RILP. The lack of fluorescent
GTP-y-S availability from commercial vendors precluded further testing of this significant
observation though it remains of interest. The ability to rapidly measure nucleotide
hydrolysis in real time helps mechanistic analyses and is a simple alternative to
radioisotope-based filter-binding measurements of nucleotide hydrolysis.

3.6 Measurement of the Effect of a Novel Guanine Nucleotide-Binding Inhibitor on Rab7
and RILP Interaction

3.6.1 Measuring the Kinetics of Direct BODIPY-GTP Nucleotide Displacement
by a Competitive Guanine Nucleotide-Binding Inhibitor (CID 1067700)—As a
general note, direct fluorescent nucleotide displacement measurements are performed in
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HEPES buffer at nonequilibrium nucleotide-binding conditions. In brief, 1 yM GST-Rab7 is
immobilized on GSH-beads as described in 3.2.3. Following GSH-bead immobilization of
GST-Rab7, fluorescence baseline measurements are first obtained on the FACScan flow
cytometer by measuring the fluorescence of thoroughly washed GSH bead-immobilized
GST-Rab7 (2x103 GSH beads) before adding BODIPY-GTP (100 nM: Kj concentration for
BODIPY-GTP binding to Rab7). After ~150 s, competition is initiated in situ against
binding/loading BODIPY-GTP using either DMSO (1 % final) or CID 1067700 (10 uM
final). As a negative control for all measurements, GST-Rab7 is prebound to GDP (500 uM)
prior to adding BODIPY-GTP at the above concentration and the low level nonspecific bead-
associated fluorescence is subtracted from fluorescence obtained from the DMSO or CID
1067700 treated samples to ensure that only specific nucleotide binding is finally
considered.

3.6.2 Assessment of Rab7 Interaction with RILP in the Presence of
Competitive Guanine Nucleotide-Binding Inhibitor (CID 1067700) Under
Equilibrium Binding Conditions—GST-RILP at 1 pM is first immobilized on 13 uM
GSH beads as described in Section 3.2.3. GFP-Rab7 (1 uM) purified on nickel beads is
incubated with increasing concentrations of GTP-y-S (1 % DMSO final treated), unlabeled
GDP or CID 1067700 (dissolved in DMSQ) hereby referred to as ligands in nucleotide
exchange buffer for 20 min at room temperature. Bound nucleotide is ‘locked-on’ with 20
mM MgCl,, (final) and then all sample sets are put on ice. The samples are then incubated
with thoroughly washed GSH mobilized GST-RILP for 15 min at room temperature before
obtaining fluorescence measurements in an HPSM buffer as outlined in Section 3.4.1. Mean
channel fluorescence (MCF) as a measure of bead-associated GFP fluorescence is
determined on a FACScan flow cytometer.

3.6.3 Measurement of the Effect of a Competitive Guanine Nucleotide-Binding
Inhibitor on the Interaction Between Rab7 and RILP—We previously identified a
first-in-class competitive guanine nucleotide-binding inhibitor (PubChem: CID 1067700 or
ML282) with activity against Rab7 in vitro [30] and in cell-based assays [41]. The
importance of the compound is recognized through the award of a US patent [42]. In the
published work, GST-Rab7 was immobilized on GSH beads and BODIPY- nucleotide
binding to Rab7 was measured as an increase in bead- associated fluorescence by flow
cytometry and used to mechanistically characterize the small molecule competitor, as
illustrated in cartoon form (Fig. 5a). The same assay setup is also useful to measure
nucleotide-binding kinetics and changes induced by small molecule addition. For example,
addition of CID 1067700 in such an assay results in a rapid decrease in bead-associated
fluorescence as a function of time (Fig. 5b). This is due to displacement of BODIPY-GTP
from Rab7 and disruption of further fluorescent nucleotide loading. One question that could
not be resolved by the flow cytometry-based nucleotide-binding assay is whether or not CID
1067700 binding to Rab7 promotes the active conformation of Rab7 (normally induced by
GTP) or instead retains Rab7 in the inactive conformation (normally induced by GDP).

The RILP-binding assay detailed here is able to discriminate Rab7 in the active
conformation from the inactive conformation and hence is ideally suited for testing the
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impact of CID 1067700 on Rab7 conformational status. We monitored the interaction of
bead-immobilized RILP with GFP-Rab7 in the presence of increasing concentrations of: (1)
GTP-y-S, (2) CID 1067700, or (3) GDP. CID1067700 and nucleotide stocks for this
experiment are prepared in DMSO and diluted 1000x in the assay. In the presence of CID
1067700 alone, Rab7 is unable to adopt the “active’ like conformation and fails to bind to the
RILP effector protein, analogous to the GDP negative control (Fig. 6a). In contrast, GFP-
Rab7 is able to bind RILP in a saturable manner in the presence of GTP-y-S. From this, one
can conclude that the presence of CID 1067700 most likely freezes Rab7 in an inactive
conformational state that does not support interaction with RILP (Fig. 6b). Together, this
evidence supports the conclusion that CID 1067700 is a competitive inhibitor of Rab7
nucleotide binding, which does not induce Rab7 to adopt the active conformation, and thus
also precludes interaction with downstream effector proteins. Such information is critical in
the assessment of small molecule GTPase inhibitor suitability for in vivo utility.

3.6.4 Broader applications: Probing Other GTPases and Performing High
Throughput Screens—The described effector binding assay can be extended to the study
of other Ras-related GTPases andthe analyses of active GTPase status in cell lysates (see
Note 3). Using multiplexing approaches requiring differentially labeled bead sets the assay
can be adapted for high throughput screening assays (see Note 4). Advantages of the assay
over conventional methods are summarized in Notes 5-6.

3Exz‘rap0/ation to Different GTPases and Cell-Based Assays. The effector binding assay described here can be extrapolated to different
families of Ras-related GTPases and has utility for measuring GTPase activation status in cells. Examples of such applications include:
determination of ECgq values of Rab and Rho GTPase-targeted small molecules in cell-based assays [41, 43]; for monitoring GTPase
cascades in Sin nombre hantavirus infection [39], and responses of cancer patient samples to treatment with drugs that target GTPase
activation [44]. Based on these examples, the assay has utility for monitoring host GTPase responses to viral, fungal, and bacterial
pathogens and for studying changes in GTPase activation in response to specific disease processes, growth factors, cytokines, toxins,
among other extracellular stimuli.

In lieu of using BODIPY nucleotides or GFP-tagged GTPases for detection, effector binding can also be efficaciously measured using
antibodies to detect bound GTPases (e.g., using a fluorescently conjugated primary antibody directed against the GTPase of interest or
using an nonfluorescent primary antibody followed by a fluorescent secondary antibody). Key negative controls include use of a
control GST-effector protein to which the GTPase of interest is not expected to bind and omission of the primary antibody.

4Adapring the Assay to Multiplex and HTS Applications. For multiplex analyses, 4 um diameter, polystyrene GSH-beads with
1.2x10° GSH sites per bead and labeled with differing intensities of red fluorescent dye have been successfully used [45]. Up to seven
different bead sets with varying emission magnitudes at 665 + 10 nm can be uniformly excited at 635 nm and readily discriminated by
flow cytometry. To capitalize on such beads for multiplex, HTS applications, GST-fusion proteins are individually coated onto
different bead sets and the red fluorescence intensity serves as a ‘zipcode’ in the multiplex measurement for identifying sets of bound
GST-proteins. Briefly, bead sets (at a concentration of 1.4 x 10° beads/pl and total volume of 240-250 pl) are first blocked with 0.1 %
bovine serum albumin in 30 mM HEPES pH 7.5, 100 mM KCI, 20 mM NacCl containing 0.01 % (v/v) NP-40, and 1 mM EDTA for 30
min at room temperature. GST-fusion protein binding is conducted overnight at 4 °C with 1 uM GST-fusion protein in 100 pl of buffer
(30 mM HEPES pH 7.5, 100 mM KCI, 20 mM NaCl containing 0.01 % (v/v) NP-40, and 1 mM EDTA). Protein-coupled beads are
washed two times with 30 mM HEPES pH 7.5, 100 mM KCI, 20 mM NaCl, 0.01 % (v/v) NP-40, 1 mM EDTA buffer supplemented
with 0.1 % BSA and 1 mM DTT. Bead sets are subsequently pooled for multiplex analyses and individual assays are conducted in
384-well plates. The described assay configuration has been used for HTS, multiplex measurement of small molecule interference
with nucleotide binding to families of bead-immobilized GST-GTPases in compound library screens [45, 46], as well as for
characterization of small molecules and their chemical optimization through structure—activity analyses [41, 43, 47-50]. The effector-
binding assay described here is also suited for multiplex analyses and has been shown to have utility for quantitative, spatiotemporal
resolution of GTPase cascades that are activated in response to hantavirus infection of cells [39] and growth factor stimulation [39,
41]. Further potential applications include screens for small molecule inhibitors of GTPase-effector protein interactions and parallel
analyses of GTPase responses to diverse stimuli.

5H/'gh//'g/7ts of Comparative Advantages of Bead-Based Flow Cytometry Measurements. The bead-based flow cytometry technique we
have presented offers a more robust approach for quantitatively assaying equilibrium binding and kinetic parameters in comparison to
some of the methods commonly used to achieve the same [36, 37, 51-53]. The assays are simple to set up on account of the following
realities: (1) it is easy to generate GST tagged protein, (2) tagging of interacting partners with flow cytometry-suited fluorophores does
not require elaborate work, and (3) in the case of nucleotide-binding proteins, both labeled and unlabeled nucleotides can easily be
obtained commercially. With respect to addressing specificity questions, a bead-based flow cytometry assay is also not susceptible to
challenges inherent in cell-based assays such as difficulties in telling if the interaction between two proteins of interest is a direct
process or occurs via a protein complex involving intermediaries. Elucidation of this question more often tends to involve time-
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3.7 Data Analyses

All data processing and analyses presented in this report employed GraphPad Prism software
(GraphPad Software). For kinetic experiments, raw data acquired were first processed using
IDLE query software (obtained from University of New Mexico Center for Molecular
Discovery, UNM CMD) before further analysis using GraphPad Prism. All experiments are
representative of at least three independent trials.
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Fig. 1.
GSH bead-based flow cytometry assay configurations for quantitative measurements of

GTPase-effector protein binding. (a) Assay design for detecting Rab7 and Rab-interacting
lysosomal protein (RILP) effector protein interaction based on detection of bound
fluorescent BODIPY-GTP. GST-RILP (Rab binding domain of RILP only) is immobilized
on 13 um Superdex beads coated with GSH and incubated with purified His-tagged Rab7
complexed to fluorescent BODIPY-GTP. Flow cytometry detection is based on bead-
associated fluorescence when His-Rab7-BODIPY-GTP binds to RILP. (b) Assay design for
detecting Rab7 and Rab-interacting lysosomal protein (RILP) protein interaction based on
detection of GFP-tagged Rab7. GST-RILP (Rab-binding domain of RILP only) is
immobilized on 13 pm Superdex beads coated with GSH and incubated with GFP- tagged
Rab7 complexed to nonhydrolyzable GTP-y-S. Flow cytometry detection is based on bead-
associated fluorescence when GFP-Rab7-GTP-y-S binds to RILP
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Fig. 2.
Quantitative measurements of GTPase-effector protein binding. (a) Flow cytometry-based

measurement of total Rab7 binding to RILP by detecting fluorescent BODIPY-GTP shows
binding is saturable, quantitative, and specific. Rab7 binding to GSH beads coated with GST
alone or without any protein coating was minimal. (b) Specific binding of Rab7-RILP with
unwanted nonspecific background binding subtracted

Methods Mol Biol. Author manuscript; available in PMC 2018 July 05.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Agola et al.

Page 20
a Addition of unlabeled GDP
1.2+ l
2 1.0-
] g 3 T o GFP-Rab7+GIP-1-S
£ 034 X
£
° 0.64
S
T 0.4+ %
E 0.2+ § ﬁ O GFP-Rab7 + GTP-y-S + Unlabeled GDP
S o
A & GFP-Rab7 + Unlabeled GDP

20 40 60 80 100 120
Time (minutes)

O GFP-Rab7 +GTP-y-S + Unlabeled GDP

Normalized intensity T
b4
L

30 60 90 120

Time (minutes)
Fig. 3.
Quantitative measurements of Rab7 GTPase-RILP effector binding is rapid and nucleotide
specific. (a) Flow cytometry-based measurement of the long-term kinetics of Rab7 binding
to RILP by detecting fluorescent GFP-Rab7 shows binding is rapid and dependent on Rab7
being GTP bound. GFP-Rab7 prebound to nonhydrolyzable GTP-y-S is nearly
instantaneous and stable over 120 min. Addition of GDP results in displacement of GTP-y-S
from Rab7 and dissociation of GFP-Rab7GDP complex detected as a loss of bead-associated
fluorescence. There is no binding of GFP-Rab7 in the GDP-bound state to RILP. (b) Data
from panel (a) were replotted starting at the 30 min time point to allow determination of the
dissociation rate of GFP-Rab7-GDP from RILP. Data was fitted to single-phase exponential
decay function using PRISM software yielding a dissociation rate of 0.020 + 0.003 min~!
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Fig. 4.
Flow cytometry-based measurements show Rab7 GTPase-RILP effector binding is

temperature dependent and sensitive to nucleotide hydrolysis. (a—C) Flow cytometry-based
measurement of His-Rab7 binding to RILP by detecting fluorescent BODIPY-GTP. (a)
Dose-dependent His-Rab7 binding is temperature dependent and negatively affected by GTP
hydrolysis at higher temperature (b and c). (b) A kinetic temperature-shift experiment shows
His-Rab7 binding to RILP increases steadily at 4 and 22 °C, but decreases rapidly upon shift
to 37 °C, likely due to GTP hydrolysis and dissociation of Rab7 from RILP. (c) Data in (b)
were replotted starting at the 75 min time point to allow determination of the dissociation
rate. Data were fitted to a two-phase exponential decay function using PRISM software
yielding a dissociation rate of 0.014 + 0.003 min~1 for the slow phase and 0.0436 + 0.053
min-1 for the fast phase. The rate constant value deduced for the fast phase is statistically
close to that measured for the dissociation of GFP-Rab7-GDP from RILP in Fig. 2a,
supporting the conclusion that 37 °C stimulates Rab7 GTPase hydrolysis of BODIPY-GTP
and consequent dissociation from RILP
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Fig. 5.

GgH bead-based flow cytometry assays for quantitative measurements of Rab7 guanine
nucleotide binding and dissociation Kinetics. (a) Assay design for detecting nucleotide
binding and dissociation kinetics on Rab7 based on detection of bound fluorescent BODIPY-
GTP. GST-Rab7 is immobilized on 13 um Superdex beads coated with GSH and detection is
based on fluorescent BODIPY-GTP binding. (b) BODIPY-GTP (100 nM final) was added to
GST-Rab7 immobilized on GSH beads suspended in 300 pl of buffer (first arrow). The
ligand was allowed to bind for 100 s and then DMSO (1 % final) or CID 1067700 (10 uM
final) was added at 150 s (second arrow). While the addition of a competitive guanine
nucleotide-binding inhibitor (CID 1067700) causes dissociation of BODIPY-GTP, addition
of DMSO has no effect on BODIPY-GTP-binding kinetics

Methods Mol Biol. Author manuscript; available in PMC 2018 July 05.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Agolaetal. Page 23

]

1600+
o GTP-y-S ligand
1200+

10° GFP-Rab7/Bead
H (=]
S =
1 1

A Unlabeled GDP ligand
o CID 1067700 ligand

o
[Ligand] uM

bCID 1067700 stabilizes Rab7 in the inactive conformation \(.
L J
’ /1' GSH Bead
i Tl & cip 1067700 -_r Y
GSH Bead N
GSH Bead

Fig. 6.

GgH bead-based flow cytometry assay establishes that a competitive guanine nucleotide-
binding inhibitor (CID 1067700) retains Rab7 in an inactive conformation. (a) Flow
cytometry-based measurement of Rab7 binding to RILP by detecting fluorescent GFP-Rab7
in the presence of CID 1067700. GFP-Rab7 increasingly binds to RILP at increasing
concentrations of nonhydrolyzable GTP-y-S but fails to bind to RILP with increasing
concentrations of GDP or CID 1067700. Rab7 does not adopt “active’ like conformation in
the presence of CID 1067700 alone. (b) Graphical display of the two distinct possible
scenarios that can result from competitive inhibitor (CID 1067700) binding to Rab7. In
scenario 1, binding of the competitive inhibitor dissociates GTP from the nucleotide-binding
pocket, but keeps Rab7 in the active conformation, which would still allow binding to the
RILP effector. In scenario 2, binding of the competitive inhibitor to Rab7 causes the GTPase
to assume or remain in the inactive conformation, which does not favor interaction with
RILP. The data we have presented support scenario 2 and suggest that the guanine
nucleotide-binding inhibitor should functionally inhibit Rab7 in cell-based assays
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