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[Abstract] The synapse is a complex structure where the transmission of information takes place.
Synaptic dysfunction is one of the earliest pathophysiological events in several diseases, such as
traumatic brain injury, cerebral ischemia, and neurodegenerative diseases. Thus, a methodology to
study synaptic structure and function is crucial for the development of potential strategies for the
treatment of many neurological diseases. Synaptoneurosomes (SNs) are structures assembled by the
sealed presynaptic bouton and the attached post-synaptic density. Despite the fact that for a long time
it has been recognized that SNs are a powerful tool to study synaptic function, composition, and
structure, its use has been limited by the requirement of relatively large amounts of material to
successfully isolate them. Here we describe a three-step centrifugation procedure performed under

hypotonic conditions to isolate SNs from small volumes of the cerebral cortex.
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[Background] The synapse is a structure assembled by a presynaptic bouton attached to a
postsynaptic terminal and ensheathed by an astrocytic elongation (Halassa et al., 2007). The last
decade has witnessed the development of a large number of highly sophisticated techniques to study
its structure and function. However, SNs are still used by a large number of investigators because they
are relatively easy to isolate and yield valuable information on synaptic structure and function. The
preparation of SNs is a modified cell-fractioning procedure that is performed under specific hypotonic
conditions, and allows the isolation of the presynaptic boutons and attached postsynaptic elements. In
the initial phases of their identification, they were called cell-free responsive preparations because their
response to hormones (Chasin et al., 1974; Horn and Phillipson, 1976). This was followed years later
by a detailed description of a procedure to isolate a suspension of snowman-shaped structures
(synaptoneurosomes) assembled by a sealed presynaptic terminal (synaptosomes) attached to a
postsynaptic sac (neurosomes; Hollingsworth et al., 1985). Since then several modifications have been
introduced to their preparation, including the use of different hypotonic solutions and rotors (Rao and
Steward, 1991; Villasana et al., 2006). However, despite their importance, the use of SNs has been
limited by the requirement of relatively large amounts of tissue for their preparation. To address this
limitation, here we describe a modified procedure to isolate SNs from small amounts of fresh and frozen
brain tissue, and cultured neurons (Diaz et al., 2017 and 2020). This protocol has been used to

successfully study the tripartite synapse in neuronal-astrocytic co-cultures (Diaz et al., 2019).

Materials and Reagents

15 ml Conical Centrifuge tubes (any brand)

2. 10 ml, Open-Top Thickwall Polycarbonate tube, 16 x 76 mm (Beckman Coulter, catalog number:
355630)

3. 2.2 ml, Open-Top Thinwall Ultra-Clear tube, 11 x 34 mm (Beckman Coulter, catalog number:

347356)

Pipette tips

60 mm cell culture dish (EMD Millipore, catalog number: CLS430589)

Nitrocellulose Membrane (Bio-Rad, catalog number: 1620112)

One 8- to 12-week-old mouse

Isoflurane, USP (Piramidal Critical Care, catalog number: 66794-013-25)

Restore PLUS Western Blot Stripping Buffer (Thermo Fisher Scientific, catalog number: 46430)

2 © © N o g &

0. Protease inhibitors, complete tablets EDTA-free EASYpack (Roche, catalog number:
04693132001)
11. Phosphatase inhibitors, PhosSTOP EASYpack (Roche, catalog number: 04906837001)
12. Rabbit anti-Syntaxin 1 antibody (1:1,000; EMD Millipore, catalog number: AB5820-50UL)
13. Mouse anti-PSD-95 antibody 6G6-1C9 (1:1,000; Novus Biologicals, catalog number: NB300-
556)
14. Mouse anti-B-Actin antibody (1:100,000; Sigma-Aldrich, catalog number: A1978)
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15.
16.
17.

18.

19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
20.
30.
31.
32.
33.
34.

Mouse anti-Synaptophysin antibody (1:1,000; EMD Millipore, catalog number: MAB5258)
Rabbit anti-Histone H3 antibody (1:1,000; Cell signaling, catalog number: 4499)

IRDye 800CW Donkey anti-Rabbit IgG secondary antibody (1:10,000; LI-COR, catalog number:
926-32213)

IRDye 680RD Donkey anti-Mouse IgG secondary antibody (1:10,000; LI-COR, catalog number:
926-68072)

Intercept (TBS) Blocking Buffer (LI-COR, catalog number: 927-60001)

Mini-PROTEAN TGX Stain-Free Gels (Bio-Rad, catalog number: 4568123)

Mouse Surgical Kit (Kent Scientific, INSMOUSEKIT)

Sucrose (Fisher Chemical, catalog number: S612)

Trizma base (Sigma-Aldrich, catalog number: T6066-5KG)

RIPA buffer (TEKnova, catalog number: R3792)

Phosphate Buffered Saline 10x (Growcells, catalog number: RGF-6235)

Regular ice

Ficoll (GE Healthcare, catalog number: 17-0300-10)

100 mM EGTA (see Recipes)

10 mM Tris pH 8.1 (see Recipes)

Homogenization buffer (HB) (see Recipes)

Ficoll solutions (see Recipes)

Discontinuous Ficoll gradient (see Recipes)

Tris-buffer Saline (TBS) 20x (see Recipes)

TBS-Tween (TBS-T) (see Recipes)

Equipment

w

© N o o A

9.

10.
11.

Micropipettes set

-80 °C freezer

Swinging-bucket clinical centrifuge (Beckman Coulter) or any centrifuge with temperature
control compatible with 15 ml tubes

Optima Max-XP ultracentrifuge (Beckman Coulter)

TLS-55 Swinging-Bucket Rotor (Beckman Coulter)

MLS-50 Swinging-Bucket Rotor (Beckman Coulter)

Universal laboratory stirrer IKA EuroStar 60 Digital (Sigma-Aldrich, catalog number: Z766976)
Potter-Elvehjem Tissue Homogenizer 5 ml (Omni International, catalog number: 07-358034)
Mini-PROTEAN Tetra Cell for Ready Gel Precast Gels (Bio-Rad, catalog number: 1658005EDU)
Trans-Blot SD Semi-Dry Electrophoretic Transfer Cell (Bio-Rad, catalog number: 1703940)
Odyssey Fc Imaging System (Li-COR)

Copyright © 2021 The Authors; exclusive licensee Bio-protocol LLC. 3



http://www.bio-protocol.org/e3896

Please cite this article as: Diaz et. al., (2021). Preparation of Synaptoneurosomes to Study the Synapse in the Murine Cerebral Cortex,Bio-protocol 11
(2): €3896. DOI: 10.21769/BioProtoc.3896.

Bio-protocol 11(02): €3896.

w
blO"pr OtmOI www.bio-protocol.org/e3896 DOI:10.21769/BioProtoc.3896

Software

1.

ImageStudio v5.2 (Li-COR)

Procedure

A. SN from brain tissue (work on ice all the time)

1.
2.
3.

Induce anesthesia in the mouse using the isoflurane.

Perfuse the mouse intracardially with cold PBS 1x.

Open the skull, remove the meninges, and dissect the brain cortex (or the anatomical area of
interest) in a 60 mm cell culture dish. 40-100 mg of brain tissue is enough for one experiment.
Save the other hemisphere (see Step A8).

Chop the tissue using small scissors in 1 ml of HB.

Homogenize tissue (homogenate 1, H1) in 4 ml of HB using a Potter-Elvehjem glass/teflon
homogenizer.

Stroke 8 times at 800 rpm on ice.

Homogenize the other hemisphere with 1 ml of RIPA buffer containing protease and
phosphatase inhibitors, centrifuge at 18,000 x g at 4 °C, and recover supernatant with a pipette
and store at -80 °C. This will be used to prepare whole brain extract (WBE) which will constitute

an internal control for SNs enrichment (see Data analysis).

B. Centrifugation

1.
2.

Centrifuge homogenate H1 at 2,000 x g for 5 min at 4 °C in a swinging-bucket clinical centrifuge.
Transfer the supernatant (S1) to a 10 ml, Open-Top Thickwall Polycarbonate tube, 16 x 76 mm,
discard pellet (P1), and centrifuge the S1 in an MLA-55 fixed angle rotor at 30,000 x g for 10
min at 4 °C to obtain pellet 2 (P2; this pellet does not disrupt easily because is dense and thick),
discard the supernatant 2 (S2) with a pipette (work on ice).

Resuspend P2 in 400 ul of HB (homogenate 2; H2) by pipetting several times (work on ice).

C. Discontinuous Ficoll gradient

1.

Layer the H2 on top of a 5-10.3% discontinuous Ficoll gradient (Recipe 4) and centrifuge at
45,000 x g for 20 min at 4 °C in a TLS-55 rotor using a Beckman Optima Max-XP tabletop
ultracentrifuge.

Collect 400 pl of the white layer in the 5-10.3% Ficoll interface that contains SNs.

(Figure 1; this fraction may also be used for other procedures or analyses, such as isolation of
presynaptic terminals, synaptic vesicles and postsynaptic terminals, as well flow cytometry,

omics, and electron microscopy).
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Synaptoneurosomes mp

Mitochondrial
Debris

Figure 1. 2.2 ml, Open-Top Thinwall Ultra-Clear tube at the end of Step C1. Note the white
5%/10.3% interface band containing SNs that will be collected in step C2. The pellet contains

mainly mitochondria and cell debris.

Complete volume with 1,400 pul of HB.

Centrifuge the SNs layer at 30,000 x g for 10 min at 4 °C in a TLS-55 rotor using a Beckman
Optima Max-XP tabletop ultracentrifuge. Then, using a 200 pl tip pipette connected to the
vacuum remove the supernatant (the SNs pellet does not disrupt easily because is dense and
thick).

Resuspend the SNs pellet using 150 pl of RIPA buffer containing protease and phosphatase
inhibitors store at -80 °C.

Data analysis

A. Runan SDS-PAGE

1.
2.

Quantify proteins using the laboratory routine protocol.
Mount the precast gel and load 10 pg of SNs, WBE (internal control), and a molecular weight
marker.

Run gel.

B. Immunoblot and interpretation

N o o b~ 0N =

©

Transfer proteins to a nitrocellulose membrane.

Block membrane with blocking buffer.

Cut membrane between the 55 and 72 kDa molecular weight marker.

Incubate the upper half with anti-PSD-95 antibody.

Incubate the lower half with antibodies against syntaxin 1 and synaptophysin.

Incubate overnight at 4 °C with gentle agitation.

Wash membranes using TBS-T and incubate them with specific LI-COR secondary antibodies
mix for 1 h at room temperature.

Wash membranes with TBS-T and detect signal using the Odyssey Fc Imaging System.

Synaptophysin is a marker of pre-synaptic vesicles (Kwon and Chapman, 2011); Syntaxin 1
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10.

11.
12.

13.

14.
15.

Notes

detects the presynaptic membrane (Bennett et al., 1992), and PSD-95 is a scaffold protein of
the postsynaptic compartment (Hunt et al., 1996). A successful procedure should enrich the pre-

and post-synaptic markers in the SNs fraction as compared to WBE (Figure 2).

WBE SNs
kDa

95 &= &= PSD-95

55 T Actin

36 — === W Syntaxin 1
36 —

s | Synaptophysin

— Histone H3

17—

Figure 2. Representative Western blot analysis. Whole brain extracts (WBE) and
synaptoneurosomes (SNs) prepared from the cerebral cortex of a C57 mouse and
immunoblotted with antibodies against syntaxin 1, synaptophysin, PSD-95, and histone H3.

Remove antibodies signal from the membranes using Restore PLUS Western Blot Stripping
Buffer 20 min at room temperature.

Wash membrane with TBS-T.

Incubate overnight the lower half of the membrane at 4 °C and gentle agitation with antibodies
against H3 and B-Actin.

Wash membranes using TBS-T and incubate them with specific LI-COR secondary antibodies
mix for 1 hour at room temperature.

Detect signal using the Odyssey Fc Imaging System.

H3 is a nuclear marker; B-Actin is a loading control. SNs should be immunoreactive to 3-Actin
but not H3 (Figure 2).

This protocol requires basic knowledge of laboratory and animal surgical procedures.

We recommend to work on ice and/or 4 °C for each step.

For this protocol, we used an 8-week old C57bl/6J male mouse. However, we have also used it
to isolate synaptoneurosomes from 3- days/ and 12 months/old male and female mice. To our
knowledge, the strain and genetic background are not limitations for this procedure.

40-100 mg of tissue is enough for one experimental point, however, this amount could be further
reduced by using smaller tubes and/or changing the volumes and/or concentrations of the Ficoll

gradient.
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5. Inour experience, WBE and SNs can be stored for at least 1 year at -80 °C. We recommend to
use small aliquots to avoid freeze-thaw cycles.
6. In our experience, following their preparation the solutions described below can be stored for at

least 1 year.

Recipes

1. 100 mM EGTA
a. Dissolve 3.8 g of EGTA in 100ml of 10 mM Tris pH 8.1
b. Store solution at room temperature

2. 10 mM Tris, pH 8.1

a. Dissolve 2.42 g of Trizma base in 1.8 L of MilliQ grade H20

b. Adjust pH 8.1 with HCI/NaOH as needed

c. Add water to obtain 2 L final volume

d. Store at room temperature

3. HB (0.25 M Sucrose/0.5 mM EGTA buffer in 10 mM Tris, pH 8.1)
a. For 1L:85.57 g Sucrose, 5 ml of 100 mM EGTA in 10 mM Tris pH 8.1, store at 4 °C
b. Add protease and phosphatase inhibitors to 50 ml of HB

4. Ficoll solutions

a. 5% Ficoll
Dissolve 5 g of Ficoll in 100 ml of HB
Filter using 0.22 um pore, store at 4 °C

b. 14.5% Ficoll
Dissolve 14.5 g of Ficoll in 100 ml of HB
Filter using 0.22 um pore, store at 4 °C

c. 10.3% Ficoll
Mix 865 pl of Ficoll 14.5% and 345 pl of HB (for two samples), prepare the same day

5. Discontinuous Ficoll gradient

Note: Prepare the gradient before start the experiment or during Step B2.

a. Add 500 pl of 10.3% Ficoll solution into an Open-Top Thinwall Ultra-Clear tubes (11 x 34
mm)

b. Using the smoothest 1,000 pl pipette available or a 200 pl pipette, add slowly 1,300 ul of 5%
Ficoll solution (a 5%/10.3% interface should be visible, if not, discard the gradient and start
again using a clean tube)

6. TBS 20xfor2L

a. Dissolve 96 g of Trizma base and 352 g of NaCl in 1 L of Ficoll 5%: dissolve 5 g of MilliQ
grade H.0

b. Adjust pH 7.6 with HCI/NaOH as needed

c. Add water to obtain 2 L final volume

Copyright © 2021 The Authors; exclusive licensee Bio-protocol LLC. 7
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7. Tris-buffer Saline Tween 1x
a. Dilute TBS 20x to 1x with MilliQ grade H20

b. Add tween 20 to obtain 0.1% final concentration
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