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Abstract

Isoform-specific signaling by Class 1A Pl 3-kinases depends in part on the interactions between
distinct catalytic subunits and upstream regulatory proteins. From among the class IA catalytic
subunits (p110a, p110p, and p1103), p110p has unique properties. Unlike the other family
members, p110p directly binds to GBy subunits, downstream from activated G-protein coupled
receptors, and to activated Rab5. Furthermore, the Ras-binding domain (RBD) of p110p binds to
Rac and Cdc42 but not to Ras. Defining mutations that specifically disrupt these regulatory
interactions is critical for defining their role in p110p signaling. This chapter describes the
approach that was used to identify the Rab5 binding site in p110B, and discusses methods for the
analysis of p110B-Rab5 interactions.
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1 Introduction

The Class | Phosphoinositide 3-kinases (Pl 3-kinases) are activated by signals from receptor
tyrosine kinases and G-protein-coupled receptors, and they produce phosphatidylinositol
[3,4,5]-trisphosphate (PIP3) in metazoan cells. Of the four catalytic isoforms of Pl 3-kinase,
the PIK3CB gene product p110f is unique in that it couples to both RTKs and GPCRs [1, 2],
has a so-called Ras-binding domain that instead binds to activated Rac and Cdc42 [3], and
binds directly to the endosomal GTPase Rab5 in its activated, GTP-bound state [4].

Rab5 plays crucial roles in the sorting of internalized endocytic vesicles. Through its
interactions with its effectors EEAL and the Class I11 P13 Kinase hVps34, Rab5 regulates
docking and fusion of early endosomes, as well as their attachment to and movement along
microtubules [5]. GTP-bound Rab5 has been shown to interact with a number of proteins
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involved in endocytic sorting, including the Rabaptin-5/Rabex-5 complex [6], the
endosomal tethering protein EEAL [7], and the hVps45-associated Rabenosyn-5 [8], as well
as signaling proteins like APPL1/2 [9] and p110p [4].

Previous studies on p110p binding to Rab5 suggested that the binding site lay within
residues 136-270, containing portions of the Adaptor-binding domain (ABD) and the Ras-
binding domain (RBD), and residues 658759, containing portions of the helical and kinase
domains [10]. We have previously described a fully active p110a/p110p chimera containing
the ABD and RBD domains of p110a linked to the C2, helical, and kinase domains of p110p
[11]. This chimera showed specific GTP-dependent binding to GTP-Rab5 (Fig. 1). Taken
together, these data and the published work suggested that the Rab5 binding site was within
the helical and kinase domains of p110p.

In order to identify point mutations that would disrupt p110p binding to Rab5, we mutated
candidate residues within the helical and kinase domains based on the following criteria.

1. The residues should be poorly conserved between human p110p and p1103, which
is the isoform most homologous to p110p, but which does not bind to Rab5.

2. We eliminated residues that were predicted to be poorly surface accessible, based
on the crystal structure of p110p.

3. We eliminated residues that were poorly conserved in p110p orthologs from other
species.

This analysis (see Note 1) defined 22 residues as potential binding sites for Rab5 (Fig. 2).
The binding assay described below was then used to screen for mutants that disrupted p85/
p110p binding to GST-Rab5-GTP beads (see Note 2). Two consecutive residues were found
to be required for Rab5 binding: Q596C and 1597S (Fig. 3a). Although p85 has been
reported to directly bind to Rab5 [12], we detected no binding to either p85 or dimers of p85
and p110B'597S in this assay (Fig. 3b).

The p110p residues required for Rab5 binding lie immediately behind the GBy loop in p110p
(Fig. 4). Subsequent analysis showed that these mutants had no effect on in vitro activation
of p85/p110p by tyrosine phosphorylated peptides or by recombinant Gy (data not shown).
The Rab5-uncoupled p110p mutants defined by these methods were subsequently used to
implicate Rab5-p110p interactions in macroautophagy [13].

In this chapter, we describe the assay for Rab5-p110p binding that was used to identify the
Rab5 binding site in p110p. The protocol has four major parts: purification of GST-Rab5
from bacteria, preparation of recombinant p85/p110p in HEK293T cells, loading of

1The combination of structural analysis (to define surface residues) and sequence analysis (to define residues conserved in orthologs)
can provide a powerful approach for identifying putative binding sites that mediate protein—protein interactions. In the case of Pl 3-
kinase, this approach identified mutations that specifically disrupted p110f binding to GBy and Rab5, and p110y binding to Gfy. Since
mutations can have conformational effects that act at a distance, this analysis should be verified using an empirical approach such as
deuterium exchange/mass spectrometry [2, 16].

2The pulldown experiment can be readily adapted for testing small molecule inhibitors or Rab5-p110f binding by including the
inhibitors in the binding and wash steps.
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immobilized GST-Rab5 with GDP or GTP-yS, and GST- Rab5 pulldowns of recombinant
p85/p110p.

2 Materials

2.1 Plasmids
1. GST-Rab5A in pGEX-2T or pGEX-6P (GE Healthcare).
2. Human myc-tagged p110p in pSG5 (Stratagene) [2].
3. Human HA-tagged p85a in pSG5 (Stratagene) [2].

2.2 Buffers for Bacterial Expression of GST-Rab5

1

4,

Resuspension Buffer: 50 mM Tris—HCI pH 8.0, 100 mM NaCl, 2 mM EDTA, 2
mM DTT, 10 % glycerol, 1 % CHAPS, Roche Protease Inhibitor tablet (1 tablet per
10 ml buffer), 0.35 mg/ml PMSF (1:100 dilution from freshly made 35 mg/ml
PMSF in ethanol) (see Note 3).

Wash Buffer 1: Phosphate buffered saline containing 0.5 % NP-40 and 2 mM DTT.

Wash buffer 2: 50 mM Tris—HCI pH 8.0, 100 mM NaCl, 2 mM EDTA, 2 mM
DTT, 10 % glycerol, 1 % CHAPS.

Elution Buffer: Wash Buffer 2 containing 15 mM reduced glutathione.

2.3 Buffers for Mammalian Expression of p85/ p110pB

1

HEK lysis buffer: 20 mM Tris—HCI pH 7.5, 137 mM NaCl, 5 mM MgCl,, 1 mM
CaCly, 2 mM DTT, 10 % glycerol, 1.0 % NP-40, Roche protease inhibitor tablet (1
tablet/10 ml lysis buffer), PSMF (1:100 dilution from freshly made 35 mg/ml
PMSF in ethanol), CalBiochem phosphatase inhibitor Cocktail 1 (1:100 dilution),
Sigma phosphatase inhibitor Cocktail 2 (1:100 dilution).

2.4 Buffers for Rab5 Nucleotide Loading

1.

3 Methods

Nucleotide Loading Buffer: 25 mM Tris—HCI pH 7.5, 50 mM NaCl, 10 mM
EDTA, 5 mM MgCly, 2 mM DTT, 0.06 % CHAPS.

Nucleotide Stabilization Buffer: 25 mM Tris—=HCI pH 7.5, 50 mM NacCl, 10 mM
MgCl,, 2 mM DTT, 0.06 % CHAPS.

3.1 Production of Recombinant GST-Rab5 in Bacteria

1

Day 1: Transform BL21 bacteria with GST-Rab plasmid and plate onto LB-Agar
plates (100ug/ml ampicillin).

Day 2: Take a single colony from the plate and inoculate 5 ml of LB containing
100ug/ml ampicillin. Shake overnight at 37°C.

3The use of CHAPS in the GST-Rab5 preparation is critical to maintain solubility of the enzyme. Preparations without CHAPS

precipitate during dialysis.
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Day 3. Empty the 5 ml culture into 500 ml LB-amp and shake in a 21 flask at 37°C
until the ODggpg measures 0.6-0.8. Remove 50ul sample for analysis, boil in
Laemmli Sample Buffer, and store at —20°C for subsequent analysis (see Note 4).

Add IPTG to the bacterial culture, to a final concentration of 0.2 mM. Shake
overnight (16-18 h) at 18°C. Remove 50ul sample for analysis at the end of the
induction, and process and store as above.

3.2 Purification of GST-Rab5 (Adapted from Ref. 14)

1

Centrifuge bacterial culture in refrigerated GSA rotor at 9,000xg for 10 min.
Discard the supernatant. Supernatant should be clear and the pellet tightly packed.

Resuspend pellet in Resuspension Buffer (10 ml for a 500 ml culture) and transfer
to 50 cc conical tube. Keep on ice at all times.

At this point, resuspended pellet can be flash frozen in dry ice/ethanol bath and
stored at —80°C. Allow room in tube for expansion during freezing. To resume the
purification, thaw resuspended pellets in ice water. Add fresh PMSF (1:100 dilution
of 35 mg/ml in ethanol) once thawed.

Lyse the resuspended bacteria by sonicating for 20 s in ice water, followed by 40 s
recovery on ice, 4 times (total = 80 s sonication). Typical sonication uses a Branson
Sonicator with a microprobe tip at output level 5. Keep sample tubes in a beaker
with ice water during sonication.

Add Triton X-100 to a final concentration of 1 % v/v. Incubate at 4°C on rotating
wheel in cold room for 20 min.

Centrifuge at 15,000xg in a Sorvall SS-34 or equivalent rotor for 30 min to remove
the insoluble material.

When spin is finished, filter the supernatant using a 0.45um filter. Remove 50ul
sample for analysis, and process and store as above.

Prepare a glutathione Sepharose column. For a 0.5 L culture, transfer 4 ml of 50 %
GST bead slurry to a plastic column. Let the storage buffer drain out and then wash
with 10 bed volumes of Wash Buffer 2.

Apply the filtered lysate to the glutathione Sepharose column, adjusting the outlet
tube so that sample takes 30-60 min to run through. Save the flow through.
Alternatively, incubate beads with filtered lysate in a 15 cc conical tube, rotating
slowly at 4°C for 2 h, then pour into plastic column. Save the flow through. (In
either case, remove 50ul sample of flow through for analysis; process and store as
above.)

10. Wash column with 30-50 column volumes of ice cold Wash Buffer 1.

4The samples taken for analysis at various stages (before and after induction, after lysis and clearing by centrifugation, etc.) are
needed for trouble shooting in case of a poor yield. Similarly, the whole cell lysate sample from the HEK293T cells is required to
insure that the substrate for the binding assay (p85/p110p) was successfully produced, and to determine whether the mutants being
analyzed show altered expression.
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11. Wash column with 10 volumes ice cold Wash Buffer 2.

12. The GST-Rab5 beads can be used in pulldown assays at this point. The beads can
be stored by diluting into 10 column volumes of Wash Buffer 2 made up to 50 %
glycerol. After mixing on a wheel at 4°C for 10 min, the beads can be stored for
several weeks at —20°C. Alternatively, GST-Rab5 can be eluted, dialyzed, and
stored at —80°C as described below.

13. To determine the amount of bound GST-Rab5, resuspend the beads 1:1 with Wash
Buffer 2. Remove 30ul of slurry (cut the pipette tip to avoid clogging), and spin the
beads briefly at 13,000xg Remove the supernatant, and add 30ul of Laemmli
Sample Buffer containing 100 mM DTT. Boil for 3 min, spin at 13,000xg for 2
min, and analyze by reducing SDS-PAGE.

3.3 Elution of GST-Rab5

While Rab5 pulldown experiments can be performed using the beads as described above,
eluting and dialyzing the protein have several advantages. First, the protein can be stored at
—-80°C, enhancing its stability as compared to storage on beads at —20°C in glycerol.
Second, when comparing GST-Rab5 to other proteins (e.g., other Rabs, or GST as a
control), one can easily prepare sets of glutathione beads containing identical amounts of
bound GST fusion protein.

1. Elute washed beads (from step 12, above) with 20 column volumes Elution Buffer.
Collect 1 ml fractions.

2. Measure OD 280 of each fraction, blanked against Elution Buffer. Yield for a 500
ml bacterial prep is approximately 5-10 mg of GST-Rab5.

3. Pool peak fractions, and dialyze 2 times for at least 8 h against Wash Buffer 2, with
at least a 1000-fold excess of buffer over sample. Alternatively, dialyze 3 times
with a 100-fold excess of buffer over sample.

4. Analyze protein purity by reducing SDS-PAGE.

5. Freeze and store in aliquots at -80°C.

3.4 Analysis of Protein Concentration

If the eluted GST-Rab5 (or Rab of interest) appears as a single band on SDS-PAGE, then
conventional protein assays (such as Biorad DC) can be used to determine protein
concentration. If contaminating proteins are present in the preparation, or for analysis of
GST-Rab5 bound to glutathione beads, then protein concentration of the Rab5 can be
estimated by comparison to a Coomassie stained standard curve. Varying amounts of eluted
protein or bead- bound protein (e.g., 10-40ul of protein or 1:1 bead slurry) are analyzed by
reducing SDS-PAGE in parallel with a standard curve of a known protein (BSA, or ideally a
recombinant purified Rab). After fixing and Coomassie staining, the bands can be
quantitated using a L1-COR Odyssey scanner, reading at 700 nm. The slope of the standard
curve and the sample curve are determined, and the estimated protein concentration is:
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1/Slope of standard curve (pg/A700)xslope of the sample curve (A700/ul)=concentration of sample (pg/ul).

3.5 Preparation of Recombinant p85/p110 8

Recombinant p85/p110p can be readily prepared in HEK293T cells as epitope tagged
proteins. Class IA Pl 3-kinase catalytic subunits are unstable as monomers and must be co-
expressed with p85 regulatory subunits [15]. For HEK293T cells, we obtain high level
expression using the pSG5 vector from Stratagene. We typically use myc-p110p and HA-
p8>s.

1. Plate HEK293T cells on 10 cm tissue cultures dishes in DMEM/10 % fetal bovine
serum. One dish yields enough protein for three pulldown assays.

2. When cells reach 70 % confluence, transfect with 3ug each of plasmids coding for
human p85a and p110p. While we have used Fugene HD, any commercial
transfection reagent will work.

3. 2 days after transfection, lyse the cells in 1 ml/dish HEK Lysis Buffer. Pool the
samples, rotate for 15 min at 4°C, and then spin at 13,000xg for 5 min. The
supernatant can be used directly for analysis of p110p3-Rab5 binding (Subheading 4
below).

3.6 Nucleotide Loading of GST- Rab5A (Adapted from Ref. 14)

This section assumes the use of eluted and dialyzed GST-Rab5, which is then bound to
glutathione sepharose beads. If using GST-Rab5 beads stored in 50 % glycerol, proceed as
indicated but start at step 2 Use enough beads to provide 30ug of GST-Rab5. Use at least
15pl of beads per assay so the pellet will be visible during the washes.

1. Incubate glutathione beads with GST-Rab5 for 2 h in Wash Buffer 2 at 4°C on a
rotating wheel. Use 30ug GST- Rab5 per 15ul of packed beads. To achieve
effective mixing during rotation, the total volume of Wash Buffer should be at least
500pl per 1.5 ml tube.

2. Wash beads four times with Wash Buffer.
3. Wash beads 2 times with Nucleotide Loading Buffer.

4. Add GDP or GTP-yS to a final concentration of 1 mM. Mix and incubate at 30°C
for 15 min.

5. Add MgCl, to a final concentration of 20 mM.
6. Mixand incubate at 30°C for 3 min.

~

Hold on ice.

3.7 Analysis of Rab5-p85/p110 B Binding

All samples are kept on ice. Use of a refrigerated centrifuge is recommended.
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1. Pool lysates from transfected HEK293T, then dilute and divide into the number of
aliquots needed. We typically use the lysate from one 10 cm dish for three GST-
Rab5 pulldowns, and dilute so as to have 0.5 ml of lysate per pulldown. Remove
50ul for analysis of total protein expression by western blot.

Add GDP or GTP-yS (10uM final) to each tube.
Add 15pl of GDP or GTP-yS-loaded GST-Rab beads per tube.
Incubate at 4°C for 2 h on wheel.

Spin down samples for 10 s at 13,000xg

o 0 A~ W N

Wash the pellets three times in Nucleotide Stabilization Buffer. For each wash,
resuspend the pellet in buffer, invert several times to mix, and then centrifuge (see
Note 5).

7. Remove final wash, and remove last residues of wash buffer with 25G insulin
syringe.

8. Add 40pl Laemmli Sample Buffer containing 100 mM DTT.
9. Boil samples for 3 min.
10. Separate proteins by reducing SDS-PAGE (7.5 % resolving).

11. Analyze Rab5 pulldown by western blot (anti-myc for p110p, anti-HA for p85),
using standard methods.
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Binding of p110B/p110p chimera to Rab5¢ TP Chimera of p110a. ABD-RBD and p110p C2-
helical-kinase domains binds Rab5. HEK293T cells were transfected with HA-p85 and myc-
tagged p110a, p110B, or a p110a/p110P chimera. Cleared lysates were subjected to a GST-
Rab5 pulldown, and samples were run on a western blot probing for myc
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TKFGINRERVPFILTYDFVHVIQQGKTNNSEKFERFR! ERAYTILRRH

:****:************:**ﬂi****.*:ﬂ** kg *hk dhhk Fhkhkhkk

GNLFIELFAL AGLPELTSVKDIQYLKDSLALGKSEEEALKQFKQKFD
GLLF FAL GLPELSCSKDIQYLKDSLALGKTEEEALKHFRVKFN

* kks: hhkdhhkhk sohdhkhhhk:  hhkdkhkdkkhhkhhkh ko khkhkhhah, dkg

EALRESWTTKVNWMAH DYRS
EALRESWKTKVNWLAHNVSKDNRQ

kkkkhhk Kkkkkakh Kk kk K

osed

Sequence analysis of p110p. The helical and kinase domains of p110p and p1108 were

aligned using T-Coffee, and surface exposure was analyzed using NACCESS [17]. Residues

that were not similar between p110p and p1108 are color coded as follows: Green—not
surface exposed; Magenta—exposed but not conserved in p110p orthologs; Yellow —
exposed and conserved; Blue—conserved but not visible in existing structures
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Fig. 3.

(a(jJ Identification of Rab5-binding deficient p110f mutants. HEK293T cells were transfected
with HA-p85 and myc-p110p WT or one of eight p110p point mutants. Cleared lysates were
subjected to a GST-Rab5-GTPyS pulldown, and samples analyzed by western blot. (b) HEK
293T cells were transfrected with HA-p85, HA-p85 plus wild type myc-p1108, or HA-p85
plus myc-p110B'397S (Mut). Cell lysates were incubated with immobilized GST-Rab loaded
with GDP or GTP-yS, and the beads were washed and analyzed by western blot for p110p
(myc) or p85 (HA)
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GPpy Binding Loop iSH2

Rab5 Binding 4
Site

Fig. 4.
Location of p110p mutants that disrupt binding to Rab GTP The crystal structure of

p85(iSH2-cSH2)/ p110p [18] is shown with the C2 and kinase domains of p110p facing
frontward (left panel), and rotated 90 to show the Rab5 binding site, which lies between the
GBy binding loop and the RBD (right panel)
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