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Abstract

Regulated exocytosis employs a conserved molecular machinery in all secretory cells. Soluble
N-ethylmaleimide-sensitive factor attachment protein receptor (SNARE) and Rab superfamilies are mem-
bers of this machinery. Rab proteins are small GTPases that organize membrane microdomains on organ-
elles by recruiting specific effectors that strongly influence the movement, fusion and fission dynamics of
intracellular compartments. Rab3 and Rab27 are the prevalent exocytotic isoforms. Many events occur in
mammalian spermatozoa before they can fertilize the egg, one of them is the acrosome reaction (AR), a
type of regulated exocytosis. The AR relies on the same fusion machinery as all other cell types, which
includes members of the exocytotic SNARE and Rab superfamilies. Here, we describe in depth two proto-
cols designed to determine the activation status of small G proteins. One of them also serves to determine
the subcellular localization of active Rabs, something not achievable with other methods. By means of these
techniques, we have reported that Rab27 and Rab3 act sequentially and are organized in a RabGEF cascade
during the AR. Although we developed them to scrutinize the exocytosis of the acrosome in human sperm,
the protocols can potentially be extended to study other Ras-related proteins in virtually any cellular model.
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1 Introduction

Secretion of vesicles is orchestrated by a complex molecular machin-
ery conserved among all cells and organisms [1, 2]. The protein-
aceous machinery involved in this process includes members of
SNARE and Rab superfamilies and their interacting and regulatory
proteins [2-5]. During regulated exocytosis, secretory Rabs play
an essential role recruiting tethering and docking factors required
for membrane recognition and fusion [6]. These small GTPases act
as molecular “on/off” switches cycling between inactive (GDP-
bound) and active (GTP-bound) states [3, 6]. Two kinds of pro-
teins regulate the GDP-GTP cycling, guanine nucleotide exchange
factors (GEFs), and GTPase-activating proteins (GAPs). These
proteins control not only the activity of small GTPases but also
their association/dissociation to/from membranes, both critical
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for the proper functioning of Rab proteins. GEF stimulates the
exchange of GDP for GTP, generating the activated form of Rab.
Rab-GTP interacts with effector proteins responsible for tether-
ing /docking of compartments that are going to fuse [3, 7]. Once
Rab has exerted its function, GAP enhances the hydrolysis of the
bound GTP to GDP, inactivating Rab. Subsequently, Rab-GDP
dissociates from membranes and remains in a cytosolic pool com-
plexed with a GDP dissociation inhibitor (GDI [3, 8]).

Regulated exocytosis consists of multiple steps that lead to the
fusion of secretory vesicles with the plasma membrane in response
to stimuli. The AR is a calcium-triggered exocytotic process funda-
mental for fertilization. In this event, sperm’s single secretory
granule or acrosome fuses with the plasma membrane and releases
its contents to the extracellular medium. Release takes place after a
complex signaling pathway, invoked by an increase in intracellular
calcium, activates the fusion machinery [9-18]. The AR consti-
tutes a straightforward model for regulated exocytosis because
there are no interferences due to endocytosis or other types of
intracellular transport. Sperm neither transcribe nor translate, so
overexpression and silencing RNA technologies to study the role
of proteins in exocytosis are not applicable to these cells. To over-
come these limitations, we have set up two strategies: (1) a con-
trolled plasma membrane permeabilization protocol with
streptolysin O (SLO) or perfringolysin O (PFO) and (2) the deliv-
ery of permeable proteins into living cells [19-21].

Rab3A/B/C/D, Rab27A/B, Rab26, and Rab37 are present
in a variety of secretory vesicles and modulate their release [8].
We focus here on the roles of Rab3 and Rab27 in the AR. We
describe an assay that pulls down active Rabs from whole cell deter-
gent extracts based on their interaction with immobilized protein
cassettes (activity probes) that bind specifically Rabs-GTP. Thanks
to this assay, we learnt that Rabs are activated in human sperm in
response to exocytosis stimuli [22-24, 26]. This assay provides
information about the activation state, but tells nothing about the
subcellular localization or the number of cells with active Rabs.
To address these issues, we developed a technique based on pro-
tein—protein interaction and indirect immunofluorescence princi-
ples (referred to as far-immunofluorescence [23]). The method
consists of overlying sperm smeared on coverslips with the same
GST-tagged activity probes used in pull-down assays and later visu-
alizing the binding sites with an anti-GST antibody. The protocol
is applicable to permeabilized [23, 25] and non-permeabilized [24 ]
sperm and allowed us to determine that Rabs were activated in the
acrosomal region of subpopulations of sperm challenged to undergo
the AR. Thanks to this protocol, we also made the unexpected
observation that introduction of recombinant Rab27A-GTP into
sperm was sufficient to activate endogenous Rab3. We will devote
the last part of this chapter to describe a protocol that allowed us to
explain these findings and demonstrate that Rab3 and Rab27 act
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through a RabGEF cascade during the AR, in which active Rab27A
recruits, directly or indirectly, a Rab3A GEF activity [23].

The protocols that we describe here were applied to study Rabs
in human sperm exocytosis but they could be extended to scrutinize
different biological phenomena in other sperm species or cells types.
Moreover, they can be used to analyze other Ras-related proteins.
Forinstance, we applied pull-down [22 ] and far-immunofluorescence
[25] to study the role of Rap during human sperm AR.

2 Materials

2.1 Reagents

2.1.1 SLO Stock
Solutions (See Note 1)

2.2 Plasmids

Use ultrapure (electrical resistivity 18 MQ cm at 25 °C) water to dilute
all reagents. Utilize analytical grade reagents and follow all of your
Institution’s disposal regulations when discarding waste materials.

1. Resuspend lyophilized SLO in 20 mM HEPES /K, pH 7,20 %
glycerol, and 0.01 % bovine serum albumin (BSA) to
25,000 UI/ml, aliquot and store at -80 °C. Avoid repeated
freezing /thawing.

2. Prepare an SLO 300 UI/ml stock solution (see Note 2) by
diluting 6 pl of 25,000 UI/ml SLO in 500 pl phosphate but-
fer saline (PBS, 2.5.3) containing 20 % glycerol and 0.01 %
BSA. Aliquot and store at =20 °C if you will use it within a
month; otherwise store at -80 °C.

1. Hiss-Rab3A. The cDNA encoding a membrane-permeant ver-
sion of human Rab3A bearing a Q81L point mutation and
subcloned into pQE8OL plasmid [20] was generously pro-
vided by C. Lopez (University of Cuyo, Mendoza, Argentina).

2. Hiss-Rab27A. The cDNA encoding human Rab27A was
subcloned into pET28 plasmid by GenScript Inc. (Piscataway,
NJ, USA).

3. GST-Rab27A. The cDNA encoding human Rab27A in pGEX-
6p was a kind gift from D. Munaté (Scripps Research Institute,
La Jolla, CA, USA).

4. GST-RIM-RBD. The cDNA encoding the Rab3-binding
domain of rat RIM la (amino acids 11-398; RIM-RBD) [27]
in pGEX-KG was generously provided by R. Regazzi
(University of Lausanne, Lausanne, Switzerland).

5. GST-Slac2-b-SHD. The cDNA encoding the Rab27-GTP-
binding domain of Slac2-b (Synaptotagmin-like protein
homology lacking C2 domains-b; amino acids 1-79) [28] in
pGEX-2T was a kind gift from R. Shirakawa (Kyoto University,
Kyoto, Japan).

6. GST. The cDNA encoding GST was from an empty pGEX-2T
vector.
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2.3 Recombinant
Proteins

2.3.1 Expression
and Purification
of GST-Fused Proteins

2.3.2 Expression
and Purification of Hiss-
Tagged Proteins

2.4 Antibodies

2.5 Buffers

. Competent E. colz BL21 were transformed with plasmids

carrying the cDNAs encoding GST or GST-fused proteins
following standard procedures.

. Induce expression of GST and GST-Slac2-b-SHD with

0.5 mM isopropyl-f-D-thio-galactoside (IPTG) for 3 h at
37 °C; GST-RIM-RBD with 0.5 mM IPTG, overnight at
22 °C; and GST-Rab27A with 1 mM IPTG, 3 h at 37 °C.

. Purify GST-fused proteins under native conditions on

glutathione-Sepharose beads following standard procedures.
The purification buffers contain 100 mM Tris—HCI, pH 7.4,
120 mM NaCl (lysis and washing buffer) and 100 mM Tris—
HCI, pH 7.4, 120 mM NaCl, 20 mM reduced glutathione
(elution buffer). For pull-down assays, bacterial lysates (con-
taining 5-10 pg/ml GST-Slac2-b-SHD or GST-RIM-RBD)
are frozen at -80 °C until use.

. Transtform the cDNAs encoding Hiss-Rab27A and Hise-

Rab3A into E. coli BLR(DE3) made chemically competent.

. Induce expression with 0.5 mM IPTG for 3 h at 37 °C for

Hiss-Rab27A and overnight at 22 °C for Hiss-Rab3A.

. Purify Hiss-tagged proteins under native conditions on Ni**-

NTA-agarose beads following standard protocols. The purifi-
cation buffers contain 20 mM Tris—-HCI, pH 7.4, 300 mM
NaCl, 8-10 mM imidazole (lysis bufter), 20 mM imidazole
(washing buffer), and 250 mM imidazole (elution buffer).

. Rabbit polyclonal anti-Rab27 and anti-a-tubulin (affinity puri-

fied with the immunogens) antibodies and mouse monoclonal
anti-Rab3A (clone 42.2, IgG affinity-purified on protein
A-Sepharose, subtype IgG2b) were from Synaptic Systems
(Goettingen, Germany).

. Rabbit polyclonal anti-GST antibody (purified IgG) was from

EMD Millipore (Billerica, MA, USA).

. HRP-conjugated goat anti-rabbit and Cy™3-conjugated donkey

anti-rabbit IgGs (H+L) were from Jackson ImmunoResearch
(West Grove, PA, USA).

. HRP-conjugated goat anti-mouse IgG (H+L) was from

Kirkegaard & Perry Laboratories Inc. (Gaithersburg, MD, USA).

. Human Tubal Fluid wmedium (HTF). Dissolve reagents

(97.8 mM NaCl, 4.69 mM KCl, 0.20 mM MgSOy, 0.37 mM
KH,PO,, 2.04 mM CaCl,, 25 mM NaHCO;, 2.7 mM b-
glucose, 0.33 mM Na pyruvate, 21.4 mM Na lactate, 0.06 g/1
penicillin, 0.05 g/1 streptomycin, and 0.01 g/1 phenol red) in
water at room temperature with constant stirring and bring to
final volume (se¢ Note 3). Before using, place an aliquot in a
CO, incubator overnight to buffer; the media will turn
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reddish-orange (se¢ Note 4). HTF medium is also commer-
cially available.

. HTFE/BSA medium. Supplement HTF medium, previously

buffered overnight in 5 % CO,/95 % air incubator, with
0.5 mg/ml BSA.

. Phosphate buffer saline (PBS). Dissolve reagents (137 mM

NaCl, 2.7 mM KCl, 10 mM Na,HPO, and 1.8 mM KH,PO,)
in water at room temperature with constant stirring. Adjust
pH to 7.4 with 1 N NaOH and bring to final volume. Filter-
sterilize and store at 4 °C. PBS is commercially available in a
variety of presentations.

. HB-EGTA (permeabilization buffer). Dissolve reagents

(20 mM HEPES free acid, 250 mM sucrose, and 0.5 mM
EGTA) in water at room temperature with constant stirring.
Adjust pH to 7 with 1 N KOH and bring to final volume.
Filter-sterilize and store at 4 °C for up to a month.

. Pull-down buffer. Dilute reagents (50 mM Tris-HCI, pH 7.4,

200 mM NaCl, 2.5 mM MgCl,, 1 % (v/v) Igepal, 10 % (v/v)
glycerol) in water from stock solutions by vortexing vigorously
at room temperature. Adjust pH to 7.4, bring to final volume,
and store at 4 °C. Add protease inhibitors (2 mM AEBSE,
0.3 pM aprotinin, 116 pM bestatin, 14 pM E-64, 1 pM
leupeptin, I mM EDTA, and 1 mM PMSF) right before using.

. Binding buffer. Dilute reagents (20 mM HEPES /K, pH 7.4,

150 mM K acetate 15 mM MgCl,, 0.05 % (v/v) Tween 20,
5 pM GTP) in water from stock solutions at room temperature
by vortexing. Adjust pH to 7.4, bring to final volume, and
store at 4 °C until used. Add protease inhibitors (2 mM AEBSE,
0.3 pM aprotinin, 116 pM bestatin, 14 pM E-64, 1 pM
leupeptin, 1 mM EDTA, and 1 mM PMSF) right before using.

. Lysis buffer. Dilute reagents (50 mM Tris-HCIl, pH 7.4,

150 mM NaCl, 5 mM MgCl,, 1 % (v/v) Triton X-100
(TX-100), 10 % (v/v) glycerol) in water from stock solutions
at room temperature by vortexing. Adjust pH to 7.4, bring to
final volume, and store at 4 °C until used. Add protease inhibi-
tors (2 mM AEBSF, 0.3 pM aprotinin, 116 pM bestatin, 14 pM
E-64, 1 pM leupeptin, 1 mM EDTA, and 1 mM PMSF) right
before using.

3 Methods

3.1 Human Sperm
Samples

3.1.1

Sample Collection

. Volunteer healthy donors, with at least 48 h of abstinence,

should collect semen samples in containers (see Note 5).

. Place the specimen container at 37 °C in an incubator until

the semen liquefies (30 min to 1 h).

. Assess semen quality after liquefaction (see Note 6).
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3.1.2 Swim-Up
(See Note 7)
and Capacitation
(See Note 8)

3.1.3 SLO-
Permeabilization

3.2 In Vitro Solid
Phase Isoprenylation
and Activation of Rab
Proteins

3.2.1 Geranylger-
anylation Mixture

1. Place 800 pl of HTF/BSA medium in 5 ml polypropylene
tubes (12 x75 mm).

2. Layer carefully 300 pl of liquefied semen under the medium at
the bottom of the tube (se¢ Note 9).

3. Place tubes at a 45° angle, in order to increase the area of the
semen-medium interface and incubate for 1 h at 37 °C in a
5 % CO,/95 % air incubator.

4. Return the tubes gently to the upright position and carefully
remove the uppermost 600-700 pl of medium without dis-
turbing the interface. This fraction is enriched in highly motile
sperm.

5. Mix well and assess sperm concentration in a Makler Counting
Chamber (SEFI Medical Instruments LTD. Distributed by
Irvine Scientific, CA, USA; see Note 10).

6. Dilute sperm to 10x 10° cells/ml in HTF/BSA medium.

7. Incubate the sperm suspensions in HTF/BSA medium for at
least 3 hat 37 °Cina 5 % CO,/95 % air incubator to promote
capacitation.

1. Wash capacitated sperm twice with one volume each of ice-
cold PBS.

2. Resuspend the pellet in one volume of ice-cold PBS by pipet-
ting gently.
3. Count and adjust sperm concentration to 7-10x 10°/ml.

4. Add SLO (0.4 to 4 U/ml) and incubate for 15 min at 4 °C
(see Note 11).

5. Wash once with one volume of ice-cold PBS to remove
unbound toxin.

6. Resuspend the pellet in one volume of ice-cold HB-EGTA
containing 2 mM dithiotreitol (DTT, see Note 12) by pipet-
ting gently.

Native Rab proteins are geranylgeranylated, presumably to localize
to membranes where they participate in signal transduction net-
works. These proteins bind magnesium ions and guanine nucleo-
tides (GDP in their inactive state or GTP in their active state) to
execute their functions. Because bacteria do not isoprenylate, we
geranylgeranylate Rabs expressed in E. co/i and load them with
guanine nucleotides in vitro to make them functional.

To prepare 2x isoprenylation mixture (see Note 13):

1. Dilute reagents (40 mM HEPES /K, pH 7.5, 2 pg/pl mouse
brain cytosol, 160 puM geranylgeranyl pyrophosphate (GGPP),
400 pM GDP, 2 mM DTT, 2 mg/ml BSA, 6 mM MgCl,,
4 mM AEBSEF, 0.6 pM aprotinin, 260 mM bestatin, 232 pM
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Isoprenylation Protocol

3.2.4 Loading Rabs
with Guanine Nucleotides
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bestatin, 28 pM E-64, 2 pM leupeptin and 2 mM EDTA) in
water from stock solutions.

Keep mixture on ice until use.

. Incubate 1 ml bacterial lysates (containing GST/Hiss-Rab

proteins) with 100 pl of glutathione-Sepharose beads (GST)
or 100 pl Ni?*-NTA-agarose beads (Hiss) for 1 h a 4 °C.

Wash the beads three times (1 ml each) with GST/Hise-
washing buffer.

. Quantity Rabs bound to beads and estimate their purity by

boiling a small aliquot of the immobilized material in sample
buffer and analyzing by SDS-PAGE.

Stain gels with Coommassie brilliant blue R-250 following
standard procedures.

. Incubate 100 pl of 10-20 pM immobilized Rab (as described

under Immobilization of Recombinant Rabs) with 100 pl of
2x geranylgeranylation mixture for 2 h at 37 °C with constant
rocking.

. Add four volumes of GST /Hiss-washing buffer and incubate

during 30 min at 4 °C with constant rocking (sec Note 14).

. Wash the beads three times (1 ml each) with GST/Hiss-

washing bufter.

Elute geranylgeranylated Rabs with 50 pl GST/Hiss-elution
bufter.

To prepare 50 pl of loaded-Rabs (10 pM final concentration):

1.

Incubate 10 pM purified geranylgeranylated Rab (as described
under Solid Phase Isoprenylation Protocol) with 5 pl activa-
tion buffer (50 mM HEPES /K, pH 7.2, 5 mM MgCl,, 0.03 %
Igepal or Nonidet-P40, 1 mM DTT and 25 mM EDTA) and
125 pM guanosine 5’-(p-thio)-diphosphate (GDP-$-S), gua-
nosine 5'-(y-thio) triphosphate (GTP-y-S) or GDP in a final
volume of 50 pl for 1 h at 37 °C (see Note 15).

Prepare a Sephadex G25 (pre-hydrated in PBS) column in a
200 pl tip.
Wash the mini column three times (one volume each) with

0.1 % BSA in PBS by centrifugation at 1,100 x4 for 2 min at
room temperature.

Run 50 pl of nucleotide-bound Rab through the Sephadex
G25 column (see Note 16).

. Recover the protein in the void volume by centrifugation at

1,100 x g for 2 min at room temperature.
Add MgCl, to 1 mM final concentration (see Note 17).
Aliquot and store at =20 °C for up to a month (se¢ Note 18).
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3.3 Far-

Immunofluorescence:

Description of a New
Method to Detect
the Localization

of Active Rabs

3.3.1 Far-
Immunofiuorescence
Protocol

Cells subjected to different experimental conditions are smeared
on coverslips, fixed, permeabilized, and overlaid with activity
probes. These are protein cassettes derived from effectors that con-
tain their cognate Rab-GTP binding domains (e.g. GST-RIM-
RBD). Because cassettes are GST-tagged (GST) their binding to
endogenous targets (e.g. Rab3) is revealed by conventional indi-
rect immunofluorescence with anti-GST (anti-GST) antibodies
followed by fluorescently labeled secondary antibodies (anti-rab-
bit-Cy3; Fig. 1).

1.
2.

10.

11.

12.

13.

14.

Wash 12 mm round coverslips with 96 % ethanol.

Flame coverslips and place them on a piece of parafilm, secured
in the lid of a 24-well plate.

Add 80 pl of poly-r-lysine (dilute 1 pl of stock solution
0.1 % w/v in 20 pl of water) to each coverslip and incubate
for 30 min at room temperature in a moisturized chamber
(see Note 19).

Attach cell suspensions (treated asdetailed in Subheading 3.3.2—
3.3.4, see below) to poly-L-lysine coated coverslips for 30 min
at room temperature in a moisturized chamber (Fig. 1).

. Store cells in 100 mM glycine in PBS overnight at 4 °C in a

moisturized chamber (see Note 20).

Permeabilize the plasma membrane with 0.1 % Triton X-100
(TX-100) for 10 min at room temperature.

. Wash cells three times, 6 min each at room temperature, with

1 ml of PBS-0.1 % polyvinylpyrrolidone (PBS-PVDP; average
MW =40,000).

. Block non-specific reactivity with 50 pl of 5 % BSA in PBS-

PVP for 1 h at 37 °C.

Overlay with 50 pl of 140 nM affinity-purified GST, GST-
RIM-RBD, or GST-Slac2-b-SHD in 5 % BSA in PBS-PVP and
incubate for 1 h at 37 °C (Fig. 1).

Wash cells three times, 6 min each at room temperature, with
1 ml PBS-PVP.

Add 25 pl of 210 nM (31.5 pg/ml) anti-GST in 3 % BSA in
PBS-PVP and incubate for 1 h at 37 °C (Fig. 1).

Wash cells twice, 10 min each at room temperature, with 1 ml
PBS-PVP.

Add 50 pl of 11 nM (1.67 pg/ml) Cy3-conjugated goat anti-
rabbit IgG in 1 % BSA in PBS-PVP and incubate for 1 h at
room temperature protected from light (Fig. 1).

Wash cells six times, 6 min each at room temperature, with
1 ml PBS-PVD.
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capacitated human sperm

a. cell treatment
l fixation
permeabilization

o | l b. GST-RIM-RBD

T l c. anti-GST

n l d. anti-rabbit-Cy3 Rab3A
GTP

GST RIM-RBD

) HTantivG ST

anti-rabbit-Cy3

Fig. 1 Schematic representation of the far-immunofluorescence protocol devel-
oped to detect GTP-bound Rab proteins. Cells are fixed, immobilized on poly-L-
lysine coated coverslips and sperm membranes are permeabilized with TX-100
(A). Attached sperm are overlaid with protein domains that bind Rab proteins in
their GTP state (shown here is GST-RIM-RBD cassette that interacts with Rab3-
GTP, B). Sperm are incubated with an anti-GST antibody to detect the cassette
bound to endogenous Rab3-GTP (C). Slides are exposed to a secondary Cy3-
conjugated antibody (D) to detect anti-GST in the anti-GST/GST-RIM-RBD/Rab3-
GTP complex (inset). Finally, cells are mounted and the percentage of sperm with
acrosomal Rab3-GTP is scored by fluorescence microscopy. Inset: GST-RIM-RBD
domain (green/purple) bound to Rab3-GTP (yellow) is recognized by the primary
anti-GST antibody (violef), which is detected by a secondary Cy3-conjugated
(red stan anti-rabbit antibody (blue)
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15. Treat cells with ice-cold methanol for 20 s to permeabilize the
acrosomal membrane.

16. Add 80 pl of 25 pg/ml fluorescein-isothiocyanate-coupled
Pisum sativum agglutinin (FITC-PSA, see Note 21) to each
coverslip and incubate for 40 min in the dark.

17. Wash cells three times, 6 min each at room temperature, with
1 ml PBS-PVD.

18. Mount the coverslips (with the cells attached) in a drop of 5 pl
of 1 % propyl-gallate /50 % glycerol in PBS containing 2 pM
Hoechst 33342 (see Note 22) placed on a slide.

19. Seal the edge of coverslips with clear nail polish and allow
to dry.

20. Store at —20 °C in the dark until examination (se¢ Note 23).

3.3.2  Sperm Treatment 1 1. Add 50 pl (350,000-500,000 cells) of capacitated, SLO-

for Standardization permeabilized sperm in HB-EGTA to each tube.

of Activity Probes Binding 2. Incubate with 100 pM 2-aminoethoxydiphenylborate (2-APB,
to Endogenous Active Rabs see Note 24) and 5 mM EDTA/1 mM MgCl, (sec Note 25)
in Permeabilized Cells for 10 min at 37 °C.

(Fig. 2a—d)

3. Load cells with 40 pM GDP-f-S or GTP-y-S during 10 min at
37 °C (Fig. 2a-d).

4. Incubate with 15 mM MgCl, during 5 min at 37 °C (se¢ Note
17).

5. Incubate with 50 pl of 4 % paraformaldehyde during 15 min at
room temperature to fix cell suspensions.

6. Wash fixed cells by centrifugation at 12,600 x4 for 2 min at
room temperature.

7. Resuspend the pellet in 100 pl 100 mM glycine in PBS by
gentle mixing and continue as described under Far-
Immunofluorescence Protocol.

Fig. 2 (continued) but in only 6 % of sperm treated with GDP-p-S (d). Scale bars: 5 um. (e) SLO-permeabilized
human sperm treated as described under Far-Immunofluorescence Protocol (3.3.3) are overlaid with GST-
Slac2-b-SHD to detect active Rab27 (e, gray bars) or GST-RIM-RBD to detect active Rab3 (e, black bars) and
counted to score the percentage of cells immunodecorated in the acrosomal region by the anti-GST antibodies.
The population of active Rabs increases upon incubation with GTP plus CaCl, compared with controls incu-
bated with GDP (***P<0.001). Note that by itself, GTP is unable to increase the number of cells depicting
active Rabs compared with those treated with GDP (ns, non-statistically significant). Recombinant Rab27A
augments the number of cells depicting endogenous Rab3A-GTP in the acrosomal region (ns, with respect to
GTP/CaCly; ***P<0.001, compared with GDP). The converse is not true; recombinant Rab3A does not influence
the number of cells with active Rab27 in the head (ns compared with controls loaded with GDP). The Tukey—
Kramer post hoc test was used for pairwise comparisons. The data represent mean+SEM of at least three
independent experiments [23]
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Fig. 2 Detection of nucleotide-binding status of endogenous Rab3 and Rab27. Capacitated, SLO-permeabilized
sperm are treated as described under Far-immunofluorescence protocol. Cells are stained with an anti-GST
antibody as readout for the activity probes that detect active Rab3 (a) and Rab27 (¢). Quantifications
(mean=SEM of at least three independent experiments) of cells immunostained in the acrosomal region by
the anti-GST antibodies are shown to the right (b, d). The activity probe GST-RIM-RBD binds to endogenous
Rab3 in 70 % of the cells loaded with GTP-y-S, whereas only 29 % of sperm treated with GDP-p-S give a
detectable signal (b). Slac2-b-SHD binds the acrosomal region in 23 % of sperm treated with GTP-y-S,
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3.3.3 Sperm Treatment 2
for Analysis of Rab
Activation in Response

to Exogenous Stimuli

(Fig. 2e)

3.3.4 Sperm Treatment 3
for Analysis of Rab3-GTP
Levels After A23187
Treatment in Non-
permeabilized Cells [24]

3.4 Pull-Down
Assays for Active
Rab27 and Rab3

3.4.1 Preparation
of Human Sperm Lysates

1.

4.

Add 50 pl (350,000-500,000 cells) of capacitated, SLO-
permeabilized sperm in HB-EGTA to each tube.

Incubate with 100 uM 2-APB (se¢e Note 24) and 5 mM
EDTA/1 mM MgCl, (see Note 25) for 10 min at 37 °C.

. Load cells with 40 pM GDP during 10 min at 37 °C

(see Note 26).

Incubate with 15 mM MgCl, during 5 min at 37 °C
(see Note 17).

. Incubate the cells with: (1) 200 pM GTP, (2) 200 pM GTP

plus 0.5 mM CaCl, (10 pM free calcium, see Note 27), (3)
200 pM GTP plus 300 nM geranylgeranylated Hiss-Rab3A
loaded with GTP-y-S or (4) 200 pM GTP plus 300 nM gera-
nylgeranylated Hiss-Rab27A loaded with GTP-y-S, for 15 min
at 37 °C (Fig. 2e).

Continue as described in Subheading 3.3.2 (steps 5-7).

. Add 50 pl (350,000-500,000 cells) of capacitated sperm in

HTF to each tube.

Incubate with 100 pM 2-APB (see Note 24) for 10 min at
37 °C.

. Initiate the AR with 10 pM A23187 (see Note 28) incubating

for 15 min at 37 °C.
Continue as described in Subheading 3.3.2 (steps 5-7).

Immobilization of the activity probes

1.

Wash glutathione-Sepharose beads twice with one volume
each of pull-down buffer and recover by centrifugation at
1,100 x g for 2 min at 4 °C.

Incubate 60-90 pl washed beads with 1 ml of bacterial lysates
containing GST-Slac2-b-SHD or GST-RIM-RBD for 1 h at
4 °C under constant rocking.

. Wash the beads twice with one volume each of ice-cold PBS

and once with one volume of ice-cold pull-down butfer by
centrifugation at 1,100 x4 for 2 min at 4 °C.

Recover the GST-Slac2-b-SHD or GST-RIM-RBD bound-
beads by centrifugation at 1,100xg for 2 min 4 °C and
continue immediately (as described under Subheading 3.4.2,
see below).

. Wash 5 ml of capacitated sperm (50 x 10° cells) twice with ice-

cold PBS by centrifugation at 6,200x g for 2 min at room
temperature.

. Resuspend the pellet in 1 ml HTF medium and incubate with

100 uM 2-APB (see Note 24) for 10 min at 37 °C.
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3.5 Recruitment
of a Human Sperm
Rab3A GEF Activity
by Immobilized
Rab27A

3.5.1 Preparation
of Human Sperm Extracts
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. Challenge cells with 10 pM A23187 (see Note 28) for 15 min

at 37 °C.

Spin down cells by centrifugation at 12,600x4 for 5 min
at 4 °C.

Resuspend the pellet in 1 ml ice-cold pull-down bufter.

Lyse the cells by sonication at 40 Hz twice for 15 s each, with
a 10 s interval, keeping them on ice at all times.

7. Extract proteins by incubation for 15 min at 4 °C.

Clarify the whole cell detergent extracts by centrifugation at
14,000 x g for 5 min at 4 °C and use immediately (continue as
described under Subheading 3.4.2).

. Add 20-30 pl of glutathione-Sepharose containing 5-10 pg

GST-Slac2-b-SHD or GST-RIM-RBD to 1 ml (20-50x10°
cell) whole cell extracts prepared from sperm treated or not
with A23187.

. Incubate the mixtures for 30 min at 4 °C under constant

rocking.

. Wash the beads three times with one volume each of ice-cold

pull-down butffer at 1,100 x4 for 2 min at 4 °C.

. Dissolve resin-bound proteins by boiling in 60 pl of sample

buffer for 3 min at 95 °C.

. Analyze Rab27-GTP and Rab3A-GTP levels by Western blot

using anti-Rab27 and anti-Rab3 antibodies as probes.

Rab27-GTP (indirectly) activates sperm Rab3 (Fig. 2¢ and [23]).
The following section summarizes the method we designed to
unveil the mechanism behind the (indirect) activation of Rab3 by
Rab27. The assay consists of two consecutive pull down assays: one
to retain a GEF from human sperm extracts on a Rab27A-column

and the other to test its activity by measuring the conversion of
Rab3A-GDP into Rab3A-GTP (Fig. 3).

1.

Wash 5 ml of capacitated sperm suspensions (50x 106 cells)
twice with a volume of ice-cold PBS by centrifugation at
6,200 x g for 2 min at room temperature.

2. Resuspend sperm pellet in 0.5 ml of lysis buffer.

. Extract proteins by sonication at 40 Hz on ice three times for

15 s each, with a 10 s interval.

Incubate cell lysates for 45 min at 4 °C under constant
rocking.

. Clarity whole cell detergent extracts by centrifugation at

14,000 x g for 20 min at 4 °C.

Recover whole cell extracts (supernatant) and use immediately
or store at =20 °C.
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Fig. 3 Schematic representation of the protocol to recruit a Rab3A GEF activity.
Geranylgeranylated GST-Rab27A-GTP-y-S (viole?) immobilized on glutathione-
Sepharose beads (gray), are incubated with a human sperm extract with the goal
of recruiting a Rab3A GEF protein (orange) if present in the lysate. Beads contain-
ing sperm proteins that interact with active Rab27A are used as source of Rab3A
GEF activity using recombinant Hiss-Rab3A-GDP (b/ue) and GTP as substrates.
After centrifugation, the reaction product Hiss-Rab3A-GTP (yellow) is pulled
down with the GST-RIM-RBD cassette (purple-green), immobilized on fresh

beads ({RElPIL: + human sperm extract

(containing GEF activity)

beads

GEF
beads WREIFEILN

F
+ Rab3A
GTP

beads

l Pull down

Rab3A
GTP

beads

glutathione-Sepharose (gray)

3.5.2 Immobilization
of Rab27A and Pull-Down
of a Rab3A GEF Activity

2. Block non-specific binding sites on glutathione-Sepharose by
incubating three times with two volumes each of 0.1 % BSA in

1. Wash glutathione-Sepharose beads twice with one volume
each of 20 mM HEPES /K, pH 7.4 and recover by centrifuga-
tion at 1,100 x g for 2 min at 4 °C.

20 mM HEPES/K pH 7 4.

3. Incubate 2.5 pg of purified GST (negative control) or GST-
Rab27A (geranylgeranylated and loaded with GTP-y-S) with
20 pl of glutathione-Sepharose beads in binding buftfer (200 pl
final volume) for 1 h at 4 °C under constant rocking.
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Precipitation

2.
3.5.4  Analysis of Hiss- 1.

Rab3A-GTP Levels
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. Wash beads containing immobilized recombinant proteins

three times with 200 pl binding buffer by centrifugation at
1,100 x g for 2 min at room temperature.

. Incubate immobilized recombinant proteins with 0.5 ml of

human sperm extract (as described under Subheading 3.5.1)
for 30 min at 4 °C under constant rocking.

. Recover the beads by centrifugation at 2,600 x 4 for 2 min at

4 °C. Precipitate unbound sperm fractions with CCl;H—-
CH;OH-H,O (see below) and analyze by Western blot with
anti-o-tubulin as loading control.

Wash the beads three times with 0.5 ml ice-cold binding
buffer by centrifugation at 1,100xg for 2 min at room
temperature.

. Incubate the beads (containing a Rab3A GEF activity

from human sperm retained on immobilized, active Rab27A)
with 8 nM geranylgeranylated Hiss-Rab3A-GDP (Fig. 3, see
Note 29) in 0.5 ml binding buffer for 10 min at 37 °C under
constant rocking.

Recover the beads by centrifugation at 3,000 x g for 2 min at
4 °C. Dissolve resin-bound proteins by boiling in 60 pl of
sample buffer for 3 min at 95 °C and analyze by Western blot
with anti-GST antibodies as loading control.

Analyze the supernatants from step 8 by pull-down with the
GST-RIM-RBD cassette (see below and Fig. 3).

Precipitate protein and remove detergent with CCL;H-
CH;OH-H,O [29].

Dissolve precipitated proteins in 60 pl of sample buffer by
heating once for 10 min at 60 °C and once for 3 min at 95 °C.

Add 20 pl of glutathione-Sepharose containing 5-10 pg of
GST-RIM-RBD to 0.5 ml supernatants from step 10 under
Subheading 3.5.2.

Incubate the mixture for 30 min at 4 °C under constant
rocking.

Wash the beads three times with one volume each of ice-cold
binding buffer by centrifugation at 1,100 x4 for 2 min at 4 °C.

. Dissolve resin-bound proteins by boiling in 60 pl of sample

buffer for 3 min at 95 °C.

. Quantify the Hiss-Rab3A-GTP levels by Western blot using

the anti-Rab3A antibody as probe.
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4 Notes

. To permeabilize sperm we use recombinant SLO, an exotoxin

that belongs to the homologous group of thiol-activated toxins
that are synthesized by various Gram-positive bacteria.
Monomeric toxin binds to cholesterol present in the plasma
membranes and oligomerizes into ring-shaped structures, esti-
mated to contain 50-80 subunits, which surround pores of
approximately 30 nm diameter [30-33]. The only SLO we
could work with reliably was the recombinant protein expressed
and sold by the University of Mainz, Mainz, Germany.

2. The units of SLO are calculated for each batch.

. Use a glass beaker and add the reagents one at the time to

water at room temperature while stirring with a magnetic bar.
Make sure that each reagent is completely dissolved before
adding the next one and bring to final volume. HTF must be
filter-sterilized using aseptic processing techniques. Once pre-
pared, you can store aliquots (30 ml) at 2-8 °C until used. Do
not freeze or expose to temperatures above 39 °C.

. The HTF medium we use is buffered with CO,/NaHCO:;.

Tubes containing HTF medium should be placed loosely
capped into a 5 % CO,/95 % air incubator overnight to allow
for the exchange of gas and pH equilibration. Check pH range
(should be from 7.4 to 7.6) before using.

. The sample should be obtained by masturbation and ejaculated

into a sterile, wide-mouthed container made out of glass or
plastic, from a batch that has been confirmed to be non-toxic
for spermatozoa. Specimen containers should be labeled with
an identification number, the date and time of collection.

. Detailed protocols to assess semen quality are described in

WHO laboratory manual for the examination and processing
of human semen [34].

. The direct swim-up technique is the choice for normal semen

samples. Sperm are selected by their ability to swim out of
semen placed at the bottom of the tube and up into the cul-
ture medium phase. Therefore highly motile sperm are
obtained free from contaminants such as leukocytes, germ
cells, dead or immotile spermatozoa, and seminal plasma.

. After leaving the testis, mammalian spermatozoa are morpho-

logically differentiated but are immotile and unable to fertilize.
Progressive motility is acquired during epididymal transit.
However, freshly ejaculated mammalian sperm are not imme-
diately capable of undergoing the AR and fertilizing an egg.
They require a period of several hours in the female reproduc-
tive tract or in an appropriate medium in vitro to acquire this
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ability; this maturation process is termed capacitation [ 13, 16].
For all the assays present in this chapter, spermatozoa were
capacitated in vitro by incubating in HTF /BSA medium for at
least 3 hina5 % CO,/95 % air incubator.

Alternatively, you can layer 300 pl of semen at the bottom of
the tubes and then pipette carefully HTF/BSA medium over
the semen.

Makler counting chamber is only 10 pm deep (1,/10 of the
depth of ordinary hemocytometers), making it the shallowest
of known chambers. Constructed from two pieces of optically
flat glass, the upper one serves as cover glass, with a 1 mm? fine
grid in the center subdivided into 100 squares of 0.1 x 0.1 mm
each. Spacing is firmly secured by four quartz pins [35].

The incubation performed in this step allows SLO binding to
cholesterol molecules present in the plasma membrane of sperm.

DTT reduces and reversibly activates SLO.

Reagents should be mixed in the following order: HEPES /K|
pH 7.5, DTT, BSA, MgCl,, GDP, and protease inhibitors
(AEBSEF, aprotinin, bestatin, E-64, leupeptin, and EDTA).
Then add Rab immobilized on beads and finally mouse brain
cytosol and GGPP.

This step favors the recapture of isoprenylated Rabs dissoci-
ated from the resin.

The nucleotide must be ten times more concentrated than the
protein.

Small molecules such as nucleotides will be retained in the
column whereas large molecules, such as proteins will come
out of the column after centrifugation.

Magnesium ions help to stabilize the nucleotide bound to the
protein.

Recombinant protein concentrations are determined by the
Bradford method (Bio-Rad) using BSA as a standard in 96-well
microplates and quantified on a BioRad 3550 Microplate
Reader or from the intensities of the bands in Coomassie Blue-
stained SDS-PAGE gels using Image] program.

From this step on, every time you are going to add something
or wash, first remove all excess liquid on the coverslips with
lint-free tissue paper.

You can continue the protocol on the same day.

PSA lectin has specificity toward a-D-mannosyl-containing oli-
gosaccharides present in the acrosome granule. PSA is coupled
to FITC, if the acrosome is present then FITC-PSA binds the
mannose residues and the structure shows fluorescent green
staining [36]. On the contrary, if the acrosome is lost there is
no staining.
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We use Hoechst 33342, a cell-permeant nuclear dye that emits
blue fluorescence when bound to dsDNA, to stain the nuclei
and detect all cells.

We use an Eclipse TE2000 Nikon microscope equipped with a
Plan Apo 40x/1.40 oil objective and a Hamamatsu digital
C4742-95 camera operated with MetaMorph 6.1 software
(Universal Imaging Corp., USA). We score the presence of red
and/or green staining in the acrosomal region by manually
counting between 100 and 200 cells either directly at the fluo-
rescence microscope or in digital images from at least ten fields.

An IP;-sensitive calcium channel inhibitor, which blocks cal-
cium mobilization from the acrosome and hence avoids losing
membranes by AR.

EDTA increases the off rate of nucleotides bound to endoge-
nous Rabs present in sperm because it chelates magnesium
ions [37].

We have stimulated SLO-permeabilized cells without loading
endogenous Rabs with guanine nucleotides and the method
also works [25].

This dilution renders 10 pM free calcium estimated by
MAXCHELATOR, a series of programs to determine the free
metal concentration in the presence of chelators available on
the World Wide Web at http://maxchelator.stanford.edu.

A calcium-ionophore thatinduces the AR in non-permeabilized
cells.

To measure Rab3A GEF activity retained in the Rab27A-
column, we assayed the exchange of GDP for GTP on Hiss-
Rab3A by pull-down (3.4.2).
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