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RAB21 Activity Assay Using GST-fused APPL1

Steve Jeanl” and Amy A. Kiger?”

1Département d'anatomie et de biologie cellulaire, Faculté de Médecine et des Sciences de la
Santé, Université de Sherbrooke, Sherbrooke, Canada

2Division of Biological Sciences, University of California, San Diego, USA

Abstract

The Rab family of small GTPases are essential regulators of membrane trafficking events. As with
other small GTPase families, Rab GTPases cycle between an inactive GDP-bound state and an
active GTP-bound state. Guanine nucleotide exchange factors (GEFs) promote Rab activation with
the exchange of bound GDP for GTP, while GTPase-activating proteins (GAPS) regulate Rab
inactivation with GTP hydrolysis. Numerous methods have been established to monitor the
activation status of Rab GTPases. Of those, FRET-based methods are used to identify when and
where a Rab GTPase is activated in cells. Unfortunately, the generation of such probes is complex,
and only a limited number of Rabs have been probed this way. Biochemical purification of
activated Rabs from cell or tissue extracts is easily achievable through the use of a known Rab
effector domain to pull down a specific GTP-bound Rab form. Although this method is not ideal
for detailed subcellular localization, it can offer temporal resolution of Rab activity. The
identification of a growing number of specific effectors now allows tests for activation levels of
many Rab GTPases in specific conditions. Here, we described an affinity purification approach
using GST fused APPL1 (a known RAB21 effector) to test RAB21 activation in mammalian cells.
This method was successfully used to assay changes in RAB21 activation status under nutrient
rich versus starved conditions and to test the requirement of the MTMR13 RAB21 GEF in this
process.

Materials and Reagents

50 ml conical tube (Sarstedt AG & CO, catalog number: 62.547.004)

100 mm Tissue Culture Dish (Corning, catalog number: 430167)

0.22 pm filtering unit (Genesee Scientific Corporation, catalog number: 25-227)
Cell lifter (Corning, catalog number: 3008)

Escherichia coli BL21 (New England Biolabs, catalog number: C2530H)
pGEX-5X-3 (GE Healthcare, catalog number: 27-4586-01)

N o o k~ W N B

pGEX5X3-Happll (aa 5-419) (self made) (Jean et al., 2015)

"For correspondence: steve.jean@usherbrooke.ca and akiger@ucsd.edu.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Jean and Kiger

10.

11.

12.

13.
14.
15.
16.
17.
18.

19.

20.

21.

22.

23.

24.
25.
26.
27.
28.

Page 2

pACEGFP-C1 vector (Clontech, catalog number: 632470)

PEGFP-C1:RAB21 wild type [human RAB21 cloned in pACEGFP-C1 (this
construct was used to generate the stable HeL.a M cell line)] (self made) (Jean et
al.,, 2015)

EGFP:RAB21wt (wildtype) stably-transfected HeLa M cells (self made) (Jean et
al., 2015)

Isopropyl p-D-1-thiogalactopyranoside (IPTG) (Biopioneer, catalog number:
c0012)

Ampicillin Sodium Salt (Crystalline Powder) (Thermo Fisher Scientific, catalog
number: BP176025)

BD Bacto™ Tryptone (Thermo Fisher Scientific, catalog number: DF0123173)
Yeast Extract (Thermo Fisher Scientific, catalog number: 212750)

Glutathione Sepharose 4B beads (GE Healthcare, catalog number: 17-0756-01)
Protease inhibitor cocktail (Sigma-Aldrich, catalog number: P8340-5)

Fetal Bovine Serum (Sigma-Aldrich, catalog number: F2442-500 ml)

Penicillin-Streptomycin solution (Life Technologies, catalog number:
15140-122) Note: Currently, it is “Thermo Fisher Scientific, Gibco™, catalog
number: 15140-122”.

Trypsin-EDTA (0.25%), phenol red (Life Technologies, catalog number:
25200-056) Note: Currently, it is “Thermo Fisher Scientific, Gibco™, catalog
number: 25200-056".

0.4% Trypan-Blue (Life Technologies, Invitrogen™, catalog number:
15250-061) Note: Currently, it is “Thermo Fisher Scientific, Gibco™, catalog
number: 15250-061".

Guanosine 5’-triphosphate sodium salt hydrate (Sigma-Aldrich, catalog number:
G8877-25 mg)

0.5 M liquid EDTA (Cell grow, catalog number: 45001-122) Note: Currently, it
is “VWR International, catalog number: 45001-122"

Earl's Balanced Salt Solution (with sodium bicarbonate, without phenol red
liquid, sterile-filtered) (Sigma-Aldrich, catalog number: E3024-500 ml)

Dithiothreitol (VWR International, catalog number: 1B21040)

HEPES (Thermo Fisher Scientific, Biotech, catalog number: BP310-100)
IGEPAL CA-630 (Sigma-Aldrich, catalog number: 18896-100 ml)
Glycerol (Thermo Fisher Scientific, catalog number: BP229-1)

Magnesium Chloride Hexahydrate (MgCl,-6H,0) (Thermo Fisher Scientific,
catalog number: BP214-500)
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Sodium orthovanadate (Na3VVO,) (Sigma-Aldrich, catalog number: S6508-10 g)
Triton X-100 (Sigma-Aldrich, catalog number: X100-500 ml)
Sodium Chloride (NaCl) (Thermo Fisher Scientific, catalog number: S671-3)

Potassium Chloride (KCI) (VWR International, catalog number: BDH9258-500
9)

Sodium Phosphate Dibasic Anhydrous (Na,HPO,) (Thermo Fisher Scientific,
catalog number: S374500)

Potassium Phosphate Monobasic (KHoPOy4) (Thermo Fisher Scientific, catalog
number: P285-S500)

Dubelcco Modified Eagle Medium with High glucose with 4 mM L-Glutamine
and sodium pyruvate (GE Healthcare, Hyclone™, catalog number: SH30243.FS)
(see Recipes for complete DMEM)

Anti-GFP (B2) antibody (Santa Cruz Biotechnology, catalog number: sc-9996)
Luria Broth (see Recipes)

LB/ampicillin (see Recipes)

Complete DMEM (see Recipes)

1x Phosphate Buffer Saline (PBS) (see Recipes)

1 M HEPES (pH 7.5) (see Recipes)

5 M NaCl (see Recipes)

1 M MgCl;, (see Recipes)

0.2 M Sodium Orthovanadate (see Recipes)

25 mM GTP (see Recipes)

Modified Magnesium Lysis Buffer (MLB) (see Recipes)

Pipettes 10 pl, 100 pl and 1,000 pl (Eppendorf, catalog numbers: 3120000020,
3120000046 and 31200000623)

Sonifier® cell disrupters (VWR International, catalog number: CA33995-320)

37 °C shaker [similar to New Brunswick Excella E25 (Eppendorf, New
Brunswick Scientific, catalog number: M1353-0002)]

30 °C shaker [similar to New Brunswick Excella E25 (Eppendorf, New
Brunswick Scientific, catalog number: M1353-0002)]

Tissue culture biosafety cabinet [similar to Thermo Scientific 1300 Series Class
Il (Thermo Fisher Scientific, catalog number: 1323)]

Hemacytometer (VWR International, catalog number: 100498-470)
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Centrifuge (Eppendorf, catalog number: 5804R)
Table top centrifuge (Eppendorf, catalog number: 5415D)
Rotating wheel (Barnstead Thermolyne Lab Quake Shaker Rotisserie)

Sonicator, Branson sonifier S250A Analog Ultrasonic Cell Disruptor (Thermo
Fisher Scientific, catalog number: 22309782)

A. GST:APPL1 (adaptor protein containing PH domain, PTB domain and Leucine zipper
motif) bacterial expression

1

Using sterile technique, strike an LB-ampicillin petri dish of £. coli BL21
transformed with pGEX5X3-hAPPL1 (aa 5-419), and incubate at 37 °C
overnight (o/n). Plates should be used within 1 week to have maximal protein
expression.

Inoculate 100 ml of LB/ampicillin with one colony from the stroke plate. Grow
under constant agitation at 37 °C o/n.

Centrifuge the o/n culture at 4,000 x g for 10 min.

Resuspend the pellet in 50 ml of LB/ampicillin, and mix with 950 ml of LB/
ampicillin.

Grow the culture at 30 °C with agitation until an ODggq of 0.8 is reached, usually
by 90 min, then induce the expression of GST:hAPPL1 (5-419) by adding a final
concentration of 1 mM IPTG. Incubate for 3 h at 30 °C under constant agitation.

After induction, pellet the cells by centrifugation at 4,000 x g for 10 min at 4 °C.
Wash the pellet once with 50 ml of 1x PBS. Pellet the cells again by
centrifugation. Remove the PBS, and freeze the pellet at —80 °C or move on with
the purification.

B. GST:APPL1 (5-419) purification

1

Resuspend bacteria in 25 ml ice-cold 1x PBS containing 1x Protease inhibitor
cocktail and 1 mM DTT, and transfer the cell suspension into a 50 ml conical
tube.

Sonicate four times for 45 sec each time at 100% duty cycle and at an output of 4
(using a Branson sonifier). Make sure to cool down the sample between each
sonication.

Add 2.5 ml of a 10% Triton X-100/PBS solution to the bacterial lysate for a final
Triton concentration of 1%.

Sonicate as above 1 more time.
To pellet bacterial debris, centrifuge for 20 min at 12,000 x gat 4 °C.

While the centrifugation is ongoing, prepare Glutathione Sepharose 4B beads:
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a. Pipet 800 pl of glutathione beads into an Eppendorf tube.

b. Centrifuge beads in a table top centrifuge for 30 sec at 12,000 x g at
room temperature.

C. Remove supernatant, and add 1 ml of 1x sterile PBS. Resuspend
Glutathione Sepharose 4B beads.

d. Repeat steps B6b-c for two more times.

e After the last wash, resuspend Glutathione Sepharose 4B beads in 500
ul of 1x PBS.

f. Transfer the resuspended Glutathione Sepharose 4B beads into a 50 ml
conical tube.

After centrifugation of the bacterial lysate, pour the supernatant into the 50 ml
conical tube containing the prepared Glutathione Sepharose 4B beads. Avoid
transferring any £. coli crude.

To avoid degradation of GST:APPL1 during the room temperature incubation,
add 250 pl of 100x Protease inhibitor cocktail to the slurry.

Incubate with slight agitation 20 min at room temperature.
Centrifuge the slurry in a tabletop centrifuge at 4,000 x g for 3 min at 4 °C.

Remove the supernatant and resuspend Glutathione Sepharose 4B beads in 45 ml
of 1x ice-cold PBS.

Repeat steps B10-11 four more times.

After the last wash, remove most of the 1x PBS. Transfer the slurry to an
Eppendorf tube, and assess the quality and quantity of the purified protein
through regular SDS-PAGE electrophoresis followed by Coomassie staining
(Figure 1). We suggest to use increasing amounts of the GST:APPL1 slurry to
assess purity (1 pl, 5 pl, 10 pl and 20 ul of the slurry will cover a large range of
protein concentration). Serial BSA dilution series can be used for quantification.

Store beads at 4 °C. GST:APPL1 beads were used in the same month after their
preparation, and experiments were successfully reeated over a month. However,
we haven't tested longer storage time.

C. GFP:RAB21wt HelLa cell culture and autophagy induction

1.

Remove media from 100 mm stock GFP:RAB21wt cell culture plate, and wash
with 5 ml of 1x PBS.

Remove PBS, add 1 ml of 0.25% trypsin-EDTA, then incubate at 37 °C for 3
min.

Wash cells off the plate with 10 ml of complete DMEM.
Pipet 20 pl of the cell suspension, and add to 100 pl of Trypan-Blue solution.

Pipet 10 pl of this cell/Trypan-Blue dilution into a hemacytometer chamber.

Bio Protoc. Author manuscript; available in PMC 2017 February 27.
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Count viable cells using the hemacytometer on a standard microscope. Viable
cells will be Trypan-Blue negative.

Add a total of 5 x 10° cells per 100 mm dish (1 dish is required per time point).

Bring to 8 ml per dish with complete DMEM, and move to 37 °C incubator
overnight (o/n).

To elicit starvation-induced autophagy, wash the cells 1x with 5 ml of pre-
warmed EBSS.

Remove the EBSS, and add 8 ml of pre-warmed EBSS. Incubate for the desired
amount of time (typical time points for GFP:Rab21wt HeLa cells, were 0, 5, 15,
30 and 60 min) at 37 °C. To ease subsequent manipulations, start with the longest
time points first so that all the different timepoints can be processed concurrently.

D. RAB21 activity assay

1
2.

Transfer cells on ice, and wash cells twice with ice cold 1x PBS.

Remove PBS, and lyse cells in 800 pl of ice-cold modified MLB buffer. Scrape
cells off the plate using a cell lifter, and transfer cell lysate to a 1.5 ml Eppendorf
tube.

Incubate cell lysate for 20 min on ice.
Centrifuge cell lysate 10 min at 16,100 x gat 4 °C.

While centrifugation is in progress, prepare the GST:APPL1 beads for the
experiment:

a. Resuspend GST:APPL1 beads, and pipet the appropriate volume into a
new 1.5 ml Eppendorf tube. 4 ug of GST:APPL1 is required per time
point, thus if 5 time points are tested and the GST:APPL1 is ata
concentration of 160 ng/ul, then 25 pl of GST:APPL1 is required per
tube.

b. Centrifuge the GST:APPL1 beads 30 sec at 11,000 x gat 4 °C.

C. Remove supernatant, and add 1 ml of modified MLB buffer.
d. Repeat steps D5b-c two more times.
e. Remove supernatant.

For each time point, add 700 pl of the GFP:RAB21wt HeLa cell supernatant to
the prepared beads. If different cell lines are compared, the total amount of
protein for each cell line lysate must be measured and adjusted in order to have
equal amounts of protein incubated with GST:APPLL1.

Incubate on a rotating wheel for 1 h at 4 °C.
Centrifuge each tube 30 sec at 11,000 x gat room temperature

Remove supernatants, and add 1 ml of ice-cold modified MLB buffer.

Bio Protoc. Author manuscript; available in PMC 2017 February 27.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Jean and Kiger

10.
11

12.

Recipes

5.

6.

Page 7

Repeat steps 8 and 9 three times (for a total of four washes).

Elute bound proteins from beads by adding 30 pl of 2x SDS-PAGE loading
buffer, and heat at 95 °C for 5 min.

Analyze the result through western blot analysis with antibodies against GFP
(Figure 2).

Luria Broth (LB)
Mix 10 g of Tryptone, 5 g of yeast extract and 10 g of NaCl
Add 1 L of water
Mix well and autoclave for 30 min at 121 °C
LB/ampicillin
To 1 L of LB, add 1 ml of ampicillin stock solution (50 mg/ml)
Complete DMEM
Remove 55 ml of DMEM from the purchased 500 ml HyClone bottle
Add 50 ml of fetal bovine serum
Add 5 ml of Penicillin/Streptomycin solution
Filter sterilize using filtering device
1x phosphate buffer saline (PBS)
Mix 8 g of NaCl, 0.2 g of KCI, 1.44 g of Na,HPO,4 and 0.24 g of KH,PO,4
Add 900 ml of dH,0
Adjust pH to 7.4
Adjust final volume to 1,000 ml
Sterilized by autoclaving at 121 °C for 20 min
1 M HEPES (pH 7.5)
Mix 238.3 g of HEPES in 900 ml of water
Adjust pH to 7.5 with NaOH
Adjust to 1,000 ml
Sterilized by autoclaving at 121 °C for 20 min
5 M NaCl
Dissolve 292 g of NaCl in 800 ml of water
Adjust to a final volume of 1,000 ml

Sterilized by autoclaving at 121 °C for 20 min

Bio Protoc. Author manuscript; available in PMC 2017 February 27.
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7. 1M MgCly
Dissolve 203 g of MgCl,-6H,0 in 700 ml of water
Adjust to a final volume of 1,000 ml
Sterilized by autoclaving at 121 °C for 20 min
8. 0.2 M sodium orthovanadate
Disolve 3.68 g of NagVVO, in 100 ml of water
Vortex and aliquot for storage
Stored at -20 °C
9. 25 mM GTP
Add 0.13 g of GTP to 10 ml of water
Filter using a 0.2 um filter and aliquot for storage
Stored at -20 °C
10.  Modified MLB buffer
Add to 50 ml of water
2.5 ml of 1 M HEPES (pH 7.5) stock solution
3 ml of 5 M NaCl stock solution
2 ml of 1 M MgCl,
10 ml of glycerol
1 ml of IGEPAL CA-630
0.2 ml of 0.5 M EDTA
0.5 ml of 0.2 M NazgVOq,

0.1 ml of 25 mM GTP stock solution (to maintain RAB21 in its activated
state)

Stored at =20 °C
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Figure 1.
Coomasie stained PVDF membrane of purified GST:APPL1
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Figure 2. Typical result of a GFP:RAB21 activity assay
Upon nutrient deprivation, GFP:RAB21 is transiently activated. GFP:RAB21-GTP was

detected by GST:APPL1 pull-down. Total RAB21 represents RAB21 in cell lysates. Both
RAB21-total and RAB21-GTP were detected with an anti-GFP western blot.
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