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Abstract
The zebrafish model is a powerful tool for studying developmental and apoptotic processes in
vertebrates. Recently we showed the critical role of two members of the Bcl-2 family of proteins during
early zebrafish development. Bcl-2 proteins can be localized in different cellular compartments including
mitochondria and endoplasmic reticulum and their functional characterization often requires specific
subcellular membrane fractionation. Although many protocols describe in detail the subcellular
fractionation from cells or tissues, none is specifically tuned to the fractionation from zebrafish embryos.
Here we provide a protocol designed for mitochondria and endoplasmic reticulum membrane isolation
from zebrafish embryos and subsequent application like mitochondrial calcium uptake. Fractionation is
performed by differential centrifugation and distribution of proteins of interest in the corresponding
fractions is subsequently analyzed. After the preparation of embryos extracts, the subcellular
fractionation requires 4 h and assay for mitochondrial calcium uptake can be performed in 2 h from
isolated mitochondria.

Introduction
Intracellular Ca2+ concentration represents a key physico-chemical parameter for cell functions and
homeostasis. Intracellular Ca2+ trafficking controls a variety of cellular processes ranging from gene
expression to morphogenesis1. Ca2+ ions are mainly stored in the endoplasmic reticulum \(ER) lumen, the
mitochondrial matrix and to a lesser extent in the Golgi apparatus and lysosomes. Inside the cell, Ca2+
concentration is kept at low levels \(approximately 100 nM) compared to extracellular medium \(1mM)
which is ensured by multiple channels, carriers and pumps located to the organelle and plasma
membranes2. Mitochondria are able to stock substantial amounts of calcium in their matrix.
Mitochondrial Ca2+ homeostasis has a key role in the regulation of aerobic metabolism and cell survival;
Ca2+ transport though the outer mitochondrial membrane \(OMM) is dependent on the voltage-dependent
anion channel \(VDAC) activity3,4 while the transport through the inner mitochondrial membrane \(IMM)
depends on the recently characterized mitochondrial calcium uniporter \(MCU)5,6. Proteins of the Bcl-2 \
(B-cell lymphoma 2) family are localized in mitochondria and endoplasmic reticulum and are
acknowledged to control Ca2+ fluxes between these organelles which has important consequences
beyond the simple control of apoptosis7. Recently we characterized two novel Bcl-2 members, named Nrz
and Bcl-wav, which are expressed during early zebrafish development. Nrz and Bcl-wav are able to control
intracellular Ca2+ concentration through their interactions with ER and mitochondrial calcium channels,
respectively8-10. The zebrafish is now acknowledged as an experimental model organism for studying
animal development and physiology. A growing number of studies have highlighted the utility of this
vertebrate model for studying Ca2+ trafficking during early embryonic development11,12. Despite this fact,
there is a lack of suitable protocol for purifying zebrafish mitochondria and ER membranes and
subsequent Ca2+ uptake measurements. Here we report a protocol for subcellular fractionation
specifically adapted to the zebrafish model. This protocol has a dual interest: 1) it allows to rapidly
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separate mitochondrial and subcellular fractions and 2) to isolate functional mitochondria, which can be
used for studying their physiology _in vitro_. Here we will focus on the practical use of this protocol to
study the mitochondrial capacity to uptake Ca2+ ions.

Reagents
• Zebrafish \(AB/TU and AB/TL strains). Zebrafish were raised and maintained at 28.5°C according to
standard procedures. Embryos were collected just after fertilization. Experiments using zebrafish must
conform to National and Institutional regulations. • E3 medium \(Sigma-Aldrich) \(see REAGENT SETUP)
• Bradford reagent \(Sigma-Aldrich) • MB buffer \(Sigma-Aldrich) \(see REAGENT SETUP) • KCL buffer \
(Sigma-Aldrich) \(see REAGENT SETUP) • Oregon Green® 488 BAPTA-5N, hexapotassium salt \(Life
technologies) \(see REAGENT SETUP) • CaCl2 \(Sigma-Aldrich) **REAGENTS SETUP** **E3 medium:**
Prepare a 1X solution containing 5 mM NaCl, 0.17 mM KCl, 0.33 mM CaCl2, 0.33 mM MgSO4 and 0.1%
Methylene Blue. Use fish water from the zebrafish facility. Solution can be store at room temperature.
**MB buffer:** Filter-sterilize and store at 4°C for a maximum of 1 month. Consists of 210 mM mannitol,
70 mM sucrose, 1 mM EDTA, 10 mM HEPES \(pH 7.5) containing protease inhibitors. **KCL buffer:**
Freshly made and filter-sterilize buffer composed of 125 mM KCl, 2 mM K2HPO4, 1 mM MgCl2, 5 mM
glutamate, 5 mM glutamate and 20 mM HEPES \(pH 7). **Oregon Green® 488 BAPTA-5N,
hexapotassium salt:** Prepare a stock solution at 5 mM in DMSO. Store at – 20°C and protect from light.
**KCL buffer, 1 µM Oregon green 488 BAPATA-5N:** Make up freshly to 1 µM Oregon Green® 488 BAPTA5N. Protect from light.

Equipment
• 35 mm Petri dish • 1 mL syringe • 26-gauge 2/3 needle • Dounce Glass and loose-fitting pestle \
(Wheaton) • Fixed-angle labtop refrigerate centrifuge capable of 10,600g \(Thermo Scientific Heraeus
Fresco 17) • Ultracentrifuge with a swing-bucket rotor capable of 100,000g \(Beckman LE-70) •
Ultracentrifuge rotor \(Beckman SW-41) • Ultracentrifuge tube \(Beckman Ultra-Clear tubes \(14x89 mm))
• 96-well plate with flat and transparent bottom \(Greiner) • Microplate reader \(Mithras LB 940
multimode)

Procedure
During all the experiment, time and temperature are critical. All the steps have to be performed at +4°C if
not otherwise stated. Pre-cool all the centrifuges and rotors. An overview of the protocol is shown in
Figure 1. **Preparation of zebrafish embryos extracts** 1- Collect embryos at the one-cell stage in a 35
mm Petri dish with E3 medium \(100 embryos per condition at least). 2- Place the embryos at the
expected developmental stage into a pre-chilled dounce glass and add 1 ml of ice-cold MB buffer. 3Homogenize for 10 times in ice with a loose-fitting pestle by slowly stroking the pestle up and down until
all embryo’s chorions are removed. This step also permits to disrupt the yolk sac of the embryos. 4- Let
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the homogenate settle on ice for 10 minutes. 5- Transfer the homogenate into a pre-chilled 1.5 ml
microcentrifuge tube and centrifuge at 300 _g_ for 5 min. 6- An optional additional centrifugation step
can be added. Re-spin the supernatant at 300 _g_ for 5 min to pellet any cells left. 7- Resuspend pellet
containing the cells with 1 ml of cold-MB buffer. **Isolation of mitochondria** 8- Disrupt the cells with a 1
mL syringe and a 26 G x 2/3 needle 50 times on ice. 9- Homogenization can be checked by placing 2 µl
on a microscope slide and visualizing cell lysis by phase-contrast microscopy. Few intact cells must be
visible, if it is not the case re-disrupt homogenate until all the cells are lysed. 10- Centrifuge cell lysate
twice at 1,500 _g_ for 10 min to eliminate nuclei. 11- Transfer the supernatant containing mitochondria,
cytosol and microsomes into a new pre-chilled 1.5 ml centrifuge tube. 12- Spin the supernatant twice at
10,600 _g_ for 10 min to pellet mitochondria \(labeled as mito-I). 13- Remove and store supernatant on
ice \(labeled as ER-I) for endoplasmic reticulum membranes isolation. 14- Gently resuspend the mito-I
pellet with 1 ml of cold MB buffer. 15- Centrifuge again at 10,600 _g_ for 10 min. 16- Discard the
supernatant and save the pellet as mitochondria. 17- Gently resuspend mitochondria in 50 µl of cold MB
buffer. 18- Determine the protein concentration of the sample \(Bradford). 19- Store at -20°C for further
investigations \(western blot) if not used immediately. **Isolation of ER membranes** 20- Place the ER-I
supernatant \(from step 13) into a pre-chilled ultracentrifuge tube and equilibrate the rotor carefully. 21Spin at 100,000 _g_ for 1 hour at +4°C. 22- The pellet is not visible so carefully discard the supernatant
and gently resuspend the pellet containing ER membrane in 50 µl of cold MB buffer. 23- The amount of
microsome proteins is determined \(Bradford). 24- Store at -20°C for further investigations \(western blot)
if not used immediately. **Mitochondrial calcium uptake** 25- Wash twice the mitochondrial pellet mito-I
\(from step 12) with 1 ml of fresh cold KCL medium. 26- Centrifuge 10 min at 10,600 _g_ at +4°C. 27Determine the amount of mitochondrial proteins \(Bradford). 28- Transfer 75 µg of proteins into a new
1.5 ml centrifuge tube and adjust volume to 1 ml with KCL medium. 29- Centrifuge 10 min at 10,600 _g_
at +4°C. 30- Gently resuspend the pellet with 180 µl of KCL medium containing 1 μM of the cytosolic
calcium probe OregonGreen 5N. 31- Transfer all the volume in a well of a black 96-well plate with flat and
transparent bottom. 32- OregonGreen 5N fluorescence intensity is measured using a Mithras LB 940
multimode microplate reader with excitation at 485 nm and emission at 510 nm. 33- Fluorescence
intensity is measured every 2 s for 5 min. 34- After 30 s measurement, 20 µl of KCL buffer supplemented
with 200 µM CaCl2 is injected \(final concentration of CaCl2 20 µM). 35- The decrease of fluorescence
intensity following the peak induced by CaCl2 injection is representative of the mitochondrial calcium
uptake.

Timing
The time required for the preparation of zebrafish extracts is variable, but is usually between 1 and 2
hours, depending on the number of embryos. Isolation of mitochondria and reticulum endoplasmic
membranes usually take about 1.5 hour each. Mitochondrial Ca2+ uptake analysis can be performed in 2
h from isolated mitochondria.

Troubleshooting
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Keep samples on ice during entire procedure. The mitochondrial and ER pellets must be resuspended
gently to avoid membranes disruption. The mitochondrial pellet must be of yellow/brownish color
whereas the ER pellet is not visible. Please see the Table 1 for detailed explanations.

Anticipated Results
After fractionation and extraction, quality of the fractionation can be addressed by Western Blot analysis.
The purity of the mitochondrial and ER membrane fractions can be controlled by using specific markers.
Use Voltage-dependent anion channel \(VDAC) for mitochondrial fraction marker which should be absent
in ER fraction. For the ER fraction, use Inositol-3,4,5-triphosphate receptor \(IP3R) as a marker which
should be enriched in this fraction but a weak band could also be detect in the mitochondrial fraction.
Specific distribution of a protein of interest in zebrafish cells embryos can be analyzed by western blot \
(50 µg of total proteins) using these markers. Together, these biochemistry experiments should allow to
determine the subcellular localization of the protein of interest. The effect of the overexpression of a
mitochondrial protein or the knockdown of a given gene on mitochondrial Ca2+ homeostasis can be
assessed by the measurement of mitochondrial Ca2+ uptake as described. Use NADH \(2 mM in KCL
buffer) as a control since it abolishes Ca2+ entry into the mitochondria. Analysis of the fit obtained after
the maximum of fluorescence intensity is reached will display the relative mitochondrial calcium uptake.
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Figures

Figure 1

Page 6/7

Overview of the protocol Schematic steps of mitochondria and endoplasmic reticulum isolation from
zebrafish embryos.
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