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Abstract
This unit contains a protocol describing the isolation of brain mitochondria by using discontinuous
Percoll gradient centrifugation. The Percoll density gradient centrifugation separates
synaptosomes, myelin, and free non-synaptic mitochondria released from cells during tissue
homogenization into individual fractions. Mitochondria entrapped in synaptosomes (synaptic
mitochondria) can be liberated using nitrogen cavitation and then further purified by Percoll
gradient centrifugation. These methods yield mitochondria that exhibit good respiratory coupling
and high respiratory rates.

Keywords
brain; synaptosomes; non-synaptic; mitochondria; Percoll

Introduction
It is commonly believed that one of the underlying factors in neurological disease is
mitochondrial impairment (for review see (Fiskum et al., 2000; Kristal et al., 2004; Kristian,
2004; Beal, 2005; Sullivan et al., 2005; Stavrovskaya and Kristal, 2005). While the
significance of mitochondrial involvement in cell death is well established, the underlying
mechanisms remain unclear. Research aimed at studying the role of mitochondrial
dysfunction in cell death and development of neuroprotective strategies based on preserving
mitochondrial functions preferentially utilizes mitochondria isolated from the CNS.

Initial approaches for obtaining enriched mitochondrial fractions from brain tissue used a
simple procedure based on differential centrifugation (see Graham, 2001). However, this
approach removed only nuclei, undisrupted cells and the cytosolic fraction from the tissue
homogenate. Additionally, the mitochondrial fractions were heavily contaminated with
synaptosomes and myelin (for review see Graham, 2001). Removal of these contaminants
required gradient centrifugation using a density media. Sucrose gradient centrifugation had
been applied to purify the mitochondrial fraction. However, this procedure exposed the
mitochondria to markedly hypertonic conditions, resulting in poor preservation of their
metabolic properties (Clark and Nicklas, 1970). Therefore, to obtain more metabolically
active mitochondria, osmotically inactive compounds were later used in the isolation
procedures. Ficoll was used to develop a procedure for isolating brain mitochondria and
separating them into synaptic and non-synaptic fractions (Clark and Nicklas, 1970; Lai and
Clark, 1976). These techniques allowed isolation of mitochondria with relatively good purity
(90 to 95 % mitochondria), with acceptable metabolic functions and respiratory properties.
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In addition to Ficoll, another osmotically inactive compound, Percoll, was used to develop a
suitable isolation technique for separating free, non-synaptic mitochondria and
synaptosomes from brain homogenates (see (Dunkley et al., 1986; Harrison et al., 1988;
Sims, 1990; Zaidan and Sims, 1994; for review see Sims and Anderson, 2008). The Percoll
gradient procedure yields pure non-synaptic mitochondria and also synaptosomes.
Following synaptosomal disruption, synaptic mitochondria can be purified. The use of
Percoll has several advantages over Ficoll. First, using the Percoll-based procedure, the
isolation is relatively rapid when compared to Ficoll gradient techniques. Thus, one can
isolate non-synaptic mitochondria from brain homogenates within 90 min. (Sims, 1990).
The shorter isolation time yields mitochondria with better-preserved respiratory functions.
Second, isotonic conditions are maintained throughout the procedure important in preserving
mitochondrial functional and morphological integrity. Third, the procedure does not require
an ultracentrifuge, but uses a fixed angle rotor in a medium- or high-speed centrifuge.
Fourth, the procedure not only removes myelin and separates synaptosomes from non-
synaptosomal mitochondria, but synaptic plasma membranes are also removed thereby
allowing the investigator to study a highly purified population of synaptic mitochondria.

Percoll gradient centrifugation can be used to isolate both non-synaptic and synaptic
mitochondria from whole forebrain (Naga et al., 2007; Hazelton et al., 2009). In this unit we
describe both protocols. Using a single rat forebrain, one can isolate a sufficient amount of
both non-synaptic and synaptic mitochondria to carry out several functional assays.
However, it should be stressed that due to the multi-cellular origin of mitochondria isolated
from brain tissue, the mitochondria are heterogeneous and one needs to exercise caution
when interpreting the results.

A detailed protocol to isolate non-synaptic mitochondria from brain using Percoll gradient
centrifugation is described by Sims and Anderson (2008). Neil Sims' laboratory pioneered
the discontinuous Percoll gradient centrifugation technique and developed several
modifications of this procedure dependent on the amount of brain tissue used for
fractionation (see Sims and Anderson, 2008). Many laboratories, including ours, have
adopted this approach with minor modifications (Friberg et al., 1999; Brustovetsky and
Dubinsky, 2000; Kristian et al., 2000; Brown et al., 2006; Panov et al., 2002; Chinopoulos et
al., 2003). A modified discontinuous Percoll gradient protocol has also been used to isolate
mitochondria from spinal cord (Morota et al., 2007). In addition to the protocol for the
isolation of non-synaptic mitochondria from brain that is similar to the Sims and Anderson
method (Sims and Anderson, 2008), we describe a protocol for the isolation of mitochondria
from synaptosomes.

Strategic planning
Before decapitation, centrifugation tubes, aliquots of isolation medium (IM) and a beaker
with IM for cooling the brain tissue should be kept on ice. Furthermore, prepare
correspondingly marked 1.5 ml microfuge tubes for synaptic and non-synaptic
mitochondrial samples.

Basic Protocol
Isolation of non-synaptic and synaptic mitochondria from brain by using Percoll gradient
centrifugation

Introduction—Percoll is a density gradient medium designed to separate cells, sub-cellular
particles and viruses under gentle, physiological (isotonic with physiological pH) conditions.
It is supplied as a sterile colloidal suspension comprised of silica particles, 15–30 nm in
diameter, coated with polyvinylpyrrolidone (PVP).
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The Percoll gradient centrifugation technique separates suspensions of organelles and cell
debris from brain homogenate according to their density. When a suspension of particles is
centrifuged, the sedimentation rate of the particles is proportional to the force applied.
Mitochondria are separated from brain tissue homogenate utilizing density separation. Each
particle will sediment to the equilibrium position in the gradient where the gradient density
is equal to the density of the particle. The Percoll gradient is designed so that mitochondria,
synaptosomes and myelin separate into different fractions. These fractions are then collected
and further processed to obtain highly purified and metabolically and morphologically intact
non-synaptic and synaptic mitochondria. The schematic diagram of the whole procedure is
shown in Figure 1.

Materials
Rodents: One rat, usually adult male Sprague-Dawley, or Fisher 344 rats (200-300 g) are
used in our laboratory. We also use wild type and transgenic mice (strain C57Bl/6; 20-25 g).
The combined brain tissue from two mouse forebrains can be processed according to the
protocol described for one rat forebrain. Since the procedure requires the use of animals, it
must be first approved by the Institutional Animal Care and Use Committee (IACUC).

Isolation medium (IM, see Reagents and Solutions)

Isolation medium with no EGTA (IM-EGTA)

Percoll (GE Healthcare, cat. No. 17089101)

Bovine serum albumin (BSA), fatty acid free (10mg/ml) (see Reagents and Solutions)

Small animal guillotine (Harvard apparatus, cat. No. PY8 73-1918)

Decapicones (Braintree Scientific, Model DC-200)

Beebee bone scissors (FST, cat. No. 16044-10)

Medium straight-edged scissors (FST, cat. No. 14002-14)

Glass vessel Teflon pestle Potter-Elvehjem Homogenizer (30 ml) (Colonial Scientific
cat. No. 358049)

Kimwipes tissue (Kimtech Science)

Disposable centrifuge tubes, polypropylene 50 ml (Fisher Scientific, cat. No. 055396)

Single-use disposable Pasteur pipettes

Polycarbonate 10 ml centrifuge tubes for the JA-21 rotor (16 mm × 76 mm; Beckman
Coulter cat. No. 355630)

Beckman Coulter (J2-MC) high-speed refrigerated centrifuge with fixed angle rotor JA
21 or equivalent high-speed centrifuge and rotor that holds 10 ml centrifuge tubes.

Refrigerated Eppendorf microfuge Model 5415R (Fisher Scientific cat. No. 0540105)

Cell disruption vessel (45 ml) (Parr Instrument Cat. No. 4639)

Nitrogen tank

Brain removal and tissue homogenization
1. Place an aliquot of IM (50ml) in a disposable centrifuge tube, a 50 ml glass beaker

with 30 ml of IM, and centrifugation tubes and glass homogenizer with 10 ml of
IM on ice. Place the rat into the decapicone and hold the animal by closing the
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decapicone at the root of the tail. Place the animal head into the guillotine so it will
be decapitated just behind the ears.

To minimize the stress and possible pain to the animal the guillotine blades need to
be sharp and the decapitation done with resolute and swift movement of the blade
with no hesitation. This procedure should be carried out by experienced animal
technician.

2. To remove the brain, retract the scalp to reveal the skull. Make an incision in the
bone along the midline by placing the blade of the bone scissors into the spinal
canal and cut the bone towards the eyes. Make sure that the inserted blade does not
damage the brain by leaning it against the inside of the skull while cutting.

3. Make lateral horizontal incisions into the bone at the level of the ear on both sides
by placing the blade of the bone scissors into the spinal canal and cutting the bone
towards the eyes.

4. Use a 12-inch long nickel stainless spatula to apply a lateral force on the bone at the
midline incision to reveal each hemisphere. Once the bones on both sides are
retracted far enough exposing the whole brain, scoop out the brain from the skull
by sliding the spatula between the surface of the brain and the skull then carefully
remove the brain. Sometimes it is necessary to cut the meninges with fine scissors
if they have not been disrupted during the skull retraction.

The brain should be removed and place into cold IM ideally within 30 sec after
decapitation. If this process takes more than one minute the mitochondrial
properties will be significantly deteriorated.

5. Place the brain into ice-cold IM and remove the cerebellum from the forebrain.
Discard the cerebellum, brain stem and underlying midbrain structures.

6. Transfer the forebrain into 10 ml of fresh ice-cold IM in a beaker.

7. Chop the tissue into small pieces using straight scissors. Add 20 ml of IM, swirl the
beaker and place it on ice for about 30 sec to allow the tissue pieces to settle on the
bottom of the container.

8. Decant the IM and add 10 ml of fresh IM to the tissue pieces. Transfer the tissue
suspension into the homogenizer (30 ml volume). Homogenize the tissue on ice
using 8 to 10 up and down strokes while rotating the Teflon pestle with your
fingers. More conveniently, place the pestle into a drill and spin it while performing
strokes at about 400 rpm.

The up and down strokes with the pestle must be performed gently. Particularly
during the up stroke, one should avoid creating negative pressure under the pestle
by lifting it too fast so that a gap is observed between the homogenate and the
pestle.

Tissue subfractionation
1. Transfer the homogenate into two 10 ml polycarbonate centrifuge tubes (16 mm ×

76 mm) with a plastic transparent pipette. Make sure that there is an equal amount
of homogenate in both tubes.

2. Centrifuge the homogenate at 1,300g (4000 rpm using the JA 21 rotor) at 4°C for 3
min.

3. Carefully transfer the supernatant into new tubes and place it on ice. Avoid
collecting the fluffy, loose material from the top of the pellet.
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4. Add 5 ml of IM to the pellet in each tube and gently re-suspend the pellet with an
adjustable 5 ml volumetric pipette.

5. Centrifuge this homogenate at 1,300g at 4°C for 3 min. Decant the supernatant and
combine it with the supernatant collected from the previous centrifugation.

6. Centrifuge the pooled supernatant at 21,000g (16,000 rpm with this rotor) at 4°C
for 10 min. During this period prepare the lower two layers of the Percoll gradient
(Figure 2).

7. Add 3.7 ml of 24 % Percoll into a 10 ml polycarbonate centrifuge tube. Into a
separate tube add 1.5 ml of 40 % Percoll.

8. Collect the 1.5 ml of 40 % Percoll using a disposable plastic pipette. Insert the
pipette into the 24 % Percoll so the tip touches the bottom of the tube. Slowly
introduce the 40 % Percoll solution to the bottom of the tube creating a
discontinuous gradient of 24 % Percoll on top of the 40 % Percoll solution. Prepare
two tubes with Percoll gradients per one whole rat forebrain.

The addition of the 40 % Percoll solution should be sufficiently slow to form a
sharp interface between the two different Percoll layers. The tip of the disposable
pipette should be leaning against the bottom wall of the centrifugation tube and not
held vertically but rather under about 75°.

9. Decant the supernatant from the previous centrifugation step and discard it. Re-
suspend the pellet in 3.5 ml of 15 % Percoll. Using a glass stirring rod, detach the
pellet from the bottom of the tube and re-suspend the material using a disposable
pipette.

10. Layer this material slowly above the 24 % Percoll with a disposable pipette.

Make sure that there is a sharp interface between the 24 % Percoll and the Percoll
with the resuspended tissue. Begin introduction of the top layer by leaning the tip of
the pipette against the tube wall close to the surface of the 24 % Percoll then
slowly add the resuspended material on top of this layer.

11. Centrifuge at 30,700g (19,000 rpm for the JA 21 rotor) at 4° C for 8 min using slow
acceleration (45 seconds from 0 to 500 rpm followed by normal acceleration) and
deceleration (no brakes). This centrifugation should redistribute the tissue material
into three major bands (Figure 2).

The slower acceleration and deceleration speeds are used to avoid disturbance of
the Percoll gradient.

12. Remove the material accumulated at the top of the gradient, which mostly contains
myelin.

13. Using an adjustable 1 ml volumetric pipette, collect the material banding near the
interface of the upper two layers of the gradient and transfer it into a 10 ml
polycarbonate tube. This contains mainly synaptosomes.

14. Collect the Percoll solution containing material accumulating at the interface
between the 40 % and the 24 % Percoll solution that is enriched by non-synaptic
mitochondria and add this suspension into a separate 10 ml polycarbonate tube.

Collect all the material within this band to maximize the mitochondrial yield.

15. Add 2 ml of IM to the collected synaptosomal fraction and 6 ml of IM to the non-
synaptic mitochondria.
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The isolation procedure of synaptic mitochondria from synaptosomes is described
in the Support protocol (see below).

16. Centrifuge the resuspended non-synaptic fraction at 16,700g (14,000 rpm for the
JA 21 rotor) at 4° C for 10 min. The mitochondria will be located at the bottom of
the tube as a loose pellet. Carefully remove the supernatant leaving the bottom
loose pellet undisturbed. Add 0.5 ml of 10 mg/ml fatty-acid-free BSA into each
tube and gently stir the mixture. Then add 4.5 ml of the IM.

17. Centrifuge at 6,900g (9,000 rpm for the JA 21 rotor) at 4°C for 10 min. This will
generate a firm pellet. Decant the supernatant and remove any remaining solutions
from the wall of the centrifuge tube. Add 0.1 ml of the isolation medium lacking
EGTA (IM-EGTA) to each tube and gently resuspend the pellet. Combine the
mitochondrial suspension from all tubes into one conical 1.5 ml microfuge tube.

18. For functional assays e.g., measurement of mitochondrial respiration or calcium
uptake capacity, keep the mitochondria on ice. Mitochondrial functional integrity is
usually not significantly compromised for up to 2-3 hours after the preparation. To
perform metabolic and enzymatic assays or for western blot analyses,
mitochondrial samples can be aliquoted, and stored at − 80°C for several months
following addition of protease inhibitors.

Support Protocol
Isolation of synaptic mitochondria from synaptosomes

Introduction—Synaptosomes are formed during brain tissue homogenization when the
synaptic boutons are “pinched off” and resealed, trapping mitochondria localized at the
synapses inside the synaptosome (Clark and Nicklas, 1970). Since only neurons form
synapses, these mitochondria are neuron-specific and represent a relatively homogenous
subpopulation of neuronal mitochondria. To isolate synaptic mitochondria from
synaptosomes, several methods have been developed to disrupt the synaptosomal
membranes such as the use of digitonin, osmotic lysis, or nitrogen cavitation (Booth and
Clark, 1979; Lai and Clark, 1976; Brown et al., 2004; Hazelton et al., 2009). Digitonin
disrupts the cellular membrane by binding to cholesterol making cholesterol-rich
membranes fragile (Elias et al., 1978; Rosenthal et al., 1987). Since inner mitochondrial
membranes contain little or no cholesterol (Colbeau et al., 1971) and the outer mitochondrial
membranes contain much less cholesterol than the plasma membrane (Colbeau et al. 1971),
the mitochondria are less susceptible to the digitonin effect. Thus, the respiratory functions
are particularly well preserved (Elias et al., 1978; Booth and Clark 1979). However, the
digitonin technique can alter the properties of the outer mitochondrial membrane
(Brustovetsky et al., 2002). Similarly, utilizing hypo-osmotic shock can also adversely affect
mitochondrial functions.

A method that applies high-pressure nitrogen decompression to disrupt the synaptic
membrane (nitrogen cavitation) induces the least structural and functional damage to
mitochondria (Brown et al., 2004; Naga et al., 2007; Hazelton et al., 2009). This approach
was utilized to isolate the total mitochondrial fraction (both synaptic and non-synaptic
mitochondria) from brain tissue homogenate (Brown et al., 2004). We have also used this
technique to release mitochondria from primary cultures of neurons or astrocytes (Kristian et
al., 2006).

1. Add 2 ml of IM to the material collected at step 14 (synaptosomes). This will yield
a suspension of synaptosomes in about 12 % Percoll solution. Combine the samples
from both tubes. Pre-cool the nitrogen cavitation vessel by keeping it on ice with a
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stir bar inside. Transfer the synaptosomal suspension into the vessel and attach the
nitrogen tank.

2. Slowly increase the pressure inside the vessel to 1,500 psi by letting the nitrogen
gas enter the vessel from the tank. Wait for 15 minutes while stirring the
suspension inside the vessel by magnetic stirrer. Then collect the material through
the outflow tubing connected to the valve localized at the bottom of the cavitation
chamber (Figure 3).

The pressure inside the vessel will decrease as the nitrogen enters the solution.
After 15 min, the pressure between the liquid and gas compartment within the
vessel equilibrates at around 900 psi. To facilitate this process, the solution inside
the vessel should be stirred. Depressurization of the suspension from 900 psi to
normal atmospheric pressure causes bubble formation within the suspended
material. Bubbles that expand within the synaptosomes disrupt their membranes
releasing mitochondria. The density of bubbles is related to the amount of nitrogen
dissolved in the solution, which is directly dependent on the pressure at which the
chamber is equilibrated.

3. Add into two 10 ml polycarbonate centrifugation tubes 4 ml of 24 % Percoll per
tube.

4. Layer the collected material from the nitrogen cavitation vessel onto the 24 %
Percoll.

5. Centrifuge at 30,700g (19,000 rpm for the JA 21 rotor) at 4°C for 10 min using
slow acceleration (45 seconds from 0 to 500 rpm followed by normal acceleration)
and deceleration (No brakes).

6. Remove the majority of the supernatant leaving the loose pellet containing free
synaptic mitochondria in the tubes. Combine the synaptic mitochondria from the
two tubes, add 6 ml of IM and gently mix the suspension.

7. Centrifuge at 16,700g (14,000 rpm for the JA 21 rotor) at 4°C for 10 min. The
mitochondria form a loose pellet on the bottom of the tube. Carefully remove the
supernatant, add 0.5 ml of 10 mg/ml fatty-acid-free BSA, gently stir then add 4.5
ml of IM.

8. Centrifuge at 6,900g (9,000 rpm for the JA 21 rotor) at 4°C for 10 min. This
generates a firm pellet of synaptic mitochondria. Decant the supernatant and
remove the residual isolation medium from the wall of the tubes, then add 50 μl of
IM without EGTA.

9. For functional assays, keep the mitochondria on ice. For metabolic and enzymatic
assays, or for western blots add protease inhibitors cocktail to the mitochondrial
sample and store at -80 °C.

Mitochondria best preserve their respiration function when kept concentrated and
on ice maintaining the protein concentration above 25 mg of mitochondrial protein
per ml. When mitochondria are kept on ice at this protein concentration, their
functional integrity is not affected significantly for up to 2-3 hours.

Reagents and solutions—Use deionized, distilled water in all recipes and protocol
steps.

Bovine serum albumin (BSA) solution—Fatty-acid-free BSA 10 mg in one ml of
water.
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Store 1 ml aliquots at -20 °C for up to 6 months.

Isolation medium (IM), pH 7.4
225 mM sucrose

75 mM mannitol

1 mM EGTA

5 mM Hepes

Adjust pH to 7.4 with Tris-base at 4°C. Isolation medium with no EGTA (IM-EGTA) has
the same composition but the EGTA is not added.

Store up to one month at 4°C.

100% Percoll solution—Prepare

225 mM sucrose

75 mM mannitol

1 mM EGTA

5 mM Hepes

in Percoll.

Adjust pH to 7.4 with HCl at 4°C.

Store up to one month at 4°C.

Protocol for preparation of solutions with different Percoll concentrations is given in Table
1.

All reagents are purchased from Sigma with the highest purity grade.

Commentary
Background Information

Isolation of non-synaptic mitochondria—The major advantage of Percoll over
alternative media such as sucrose and Ficoll is its viscosity, which allows more rapid
sedimentation and the use of a lower centrifugation force. A second advantage over the
sucrose-based procedure is that isotonicity can be maintained throughout the whole
procedure. Percoll gradient centrifugation gives a relatively pure mitochondrial sample with
little contamination from synaptosomes and myelin (Sims, 1990, Sims and Anderson, 2008).

Isolation of synaptic mitochondria—The protocol for isolating synaptic mitochondria
utilizes the synaptic fraction that can be collected from the Percoll gradient used to isolate
non-synaptic mitochondria. Different modifications of the Percoll gradient can be used to
purify synaptosomes from brain homogenates (Dunkley et al., 1986; Harrison et al., 1988;
Taupin et al., 1994), which are then further processed to isolate the synaptic mitochondria.
For example, a discontinuous Percoll gradient composed of four different Percoll density
layers is utilized to prepare hippocampal mossy fiber synaptosomes directly from the post-
nuclear pellet (Taupin et al., 1994). When the 4-step discontinuous Percoll gradient is used,
5 major sub-cellular fractions are obtained after centrifugation. These fractions contained
synaptosomes having different diameters and mitochondrial content (Dunkley et al., 1988).
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Each synaptosomal fraction also showed different degrees of contamination with non-
synaptic mitochondria (au: if the goal is to isolate mitochondria, how can there be
mitochondrial contamination--- or, do you mean: different degrees of contamination by non-
mitochondrial elements/organelles). By using a Ficoll-sucrose discontinuous gradient, two
synaptic fractions were identified, suggesting two subpopulations of synaptic mitochondria
(Lai et al., 1977).

Critical Parameters and Troubleshooting
To isolate highly pure mitochondria with high respiratory activity it is important that:

1. During the entire isolation procedure all solutions are kept ice-cold.

2. Make sure that the isolation medium and Percoll solutions have the correct
osmolarity and pH at 4°C.

3. Brain tissue removal from the skull after decapitation needs to be performed within
one minute and immediately immersed into ice-cold isolation medium.

4. During homogenization, do not force the pestle movement in up and down
directions. Rather, rotating the pestle with fingers or by electric drill during vertical
movement reduces friction making the brain tissue pieces homogenization more
efficient. Do not over-homogenize the tissue.

5. Make sure that there is a sharp interface between the different density Percoll
solutions when preparing the discontinuous gradient.

6. When resuspending the mitochondrial pellet, do not scrape off the pellet from
centrifuge tube.

The preparation of a discontinuous gradient requires considerable practice to achieve sharp
borders between the layers of Percoll with different concentrations. To minimize the mixing
of the different density Percoll solutions, one can use an infusion pump to slowly and
continuously layer the solutions on top of the solution present in the centrifugation tube.
This procedure however takes a considerably longer time requiring advance preparation of
the Percoll gradient before the isolation procedure begins.

Anticipated Results
This method produces non-synaptic mitochondria that are metabolically active, exhibit good
respiratory coupling, good purity, and have minimal synaptosomal and myelin
contamination. Total mitochondrial protein for the non-synaptic mitochondria from one
whole forebrain is about 2.5 mg protein. The typical yield of synaptic mitochondria is up to
1.0 mg protein. The synaptic mitochondrial fraction exhibits somewhat higher
contamination by synaptosomes. Respiratory properties are expressed as rates of oxygen
consumption per minute per mg of mitochondrial proteins. Mitochondria are incubated in
the presence of NAD- or FAD- linked substrates and the oxygen consumption measured
using Clark-type oxygen electrodes. Using the described protocol in the presence of malate
and glutamate as the metabolic substrate, the ADP-stimulated respiration rates (state 3
respiration) of non-synaptic and synaptic mitochondria isolated from 3 month old rat brains
are shown in the Table 2.

The state 3 respiratory activity (oxygen consumption rate in the presence of ADP) of non-
synaptic mitochondria is similar to that reported by others using a Percoll discontinuous
gradient (Sims, 1990; Brustovetsky et al., 2003; Brown et al., 2004; Sims and Anderson,
2008). However, the state 3 rates of both non-synaptic and synaptic mitochondria isolated
using discontinuous Ficoll gradients are significantly slower (Lai et al., 1977). In our hands,
the respiratory control RCR of both non-synaptic and synaptic mitochondria was not
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significantly different. The RCR is commonly used as an indicator of mitochondrial
membrane integrity. Less leaky mitochondrial membranes will give slower oxygen
consumption rates in state 4 when no ATP is generated that is then reflected in a higher
RCR. Therefore RCR values lower than 4 represent problems either with the isolation
procedure or the solutions used.

Time Considerations
Initial preparation of solution aliquots and setup before beginning the isolation procedure:
10-15 min. Removal of the brain and brain tissue homogenization takes 10 min. Tissue
fractionation including gradient preparation during the first three centrifugation periods 60 –
70 min. Thus, the whole procedure takes about 90 min. The purification of synaptic
mitochondria from synaptosomes takes about 45 min. However, the procedure can be
carried out in parallel with the non-synaptic mitochondrial isolation after the synaptosomes
and non-synaptic mitochondrial fractions are separated.
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Figure 1.
Flow schema of the separation procedure for mitochondria and synaptosomes from brain
tissue. Following homogenization of brain tissue and low speed centrifugation the crude
mitochondrial sample is fractionated into non-synaptic mitochondria and synaptosomes by
Percoll gradient centrifugation.
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Figure 2.
Schematic illustration of the Percoll gradient and the distribution of brain homogenate
fractions following centrifugation.
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Figure 3.
Flow schema of the protocol for the isolation of synaptic mitochondria from synaptosomes
by using Nitrogen cavitation. The numbers on the upper tube represent Percoll solutions
concentrations used to create the gradient.
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Table 1
Percoll solutions required for the isolation procedure (50 ml total volume)

a/ Using 100% Percoll as described in Reagents and Solutions

Final Percoll Concentration (vol/vol) 100 % Percoll ml Isolation medium ml

40% 20 30

24% 12 38

15% 7.5 42.5

b/ Using 50% Percoll as described below

Final Percoll Concentration (vol/vol) 50 % Percoll (ml) Isolation medium (ml)

40% 40 10

24% 24 26

15% 15 35

Store up to one month at 4°C.

a/
Prepare the 100% Percoll solution according to the protocol in the paragraph Reagents and Solutions

b/
An alternative approach to preparing the different concentrations of Percoll solutions is to prepare isolation medium with double the

concentration of each component then mix it with Percoll in a 1:1 (vol:vol) ratio. This will give a 50 % Percoll solution. The more diluted Percoll
solutions can then be prepared by mixing this 50% Percoll with standard isolation medium in the appropriate ratios (see Table 1b/).
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Table 2

Respiratory rates of non-synaptic and synaptic mitochondria isolated from 3 month old rat brains assessed
with 5 mM glutamate and 5 mM malate (nmol O2/min/mg protein)

Mitochondria state 3 state 4 Respiratory control ratio (RCR)

Non-synaptic 243 ± 14 38 ± 7 6.6 ± 1.2

Synaptic 144 ± 30 22 ± 5.6 6.7 ± 1.4

RCR = state 3 / state 4. Values are expressed as the mean ± SEM (n=4). The oxygen consumption rates were determined at 37°C.
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