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Introduction

The developing central nervous system (CNS) involves the induction and proliferation of neural stem cells (NSCs) and neural progenitor cells (NPCs) followed by their differentiation into mature and functional neurons and glia (including astrocytes and oligodendrocytes), respectively (Schmidt et al. 2013, Urbán and[START_REF] Urbán | Neurogenesis in the embryonic and adult brain: same regulators, different roles[END_REF]. The CNS starts to develop during embryogenesis, and in most vertebrates, it continues in adults (Schmidt et al. 2013, Urbán and[START_REF] Urbán | Neurogenesis in the embryonic and adult brain: same regulators, different roles[END_REF]. For example, in the brain of adult zebrafish, several discrete proliferating regions are located along the length of the rostro-caudal axis [START_REF] Grandel | Neural stem cells and neurogenesis in the adult zebrafish brain: origin, proliferation dynamics, migration and cell fate[END_REF][START_REF] Kaslin | Proliferation, neurogenesis and regeneration in the non-mammalian vertebrate brain[END_REF]. Most of the resulting new cells differentiate into neurons, whereas a smaller proportion develop into glial cells [START_REF] Hinsch | Generation and long-term persistence of new neurons in the adult zebrafish brain: a quantitative analysis[END_REF]. This high level of neurogenic activity has made the zebrafish a popular animal model for investigating adult neurogenesis [START_REF] Grandel | Neural stem cells and neurogenesis in the adult zebrafish brain: origin, proliferation dynamics, migration and cell fate[END_REF][START_REF] Hinsch | Generation and long-term persistence of new neurons in the adult zebrafish brain: a quantitative analysis[END_REF][START_REF] Lam | gfap and nestin reporter lines reveal characteristics of neural progenitors in the adult zebrafish brain[END_REF][START_REF] Kaslin | Stem cells in the adult zebrafish cerebellum: initiation and maintenance of a novel stem cell niche[END_REF][START_REF] Cortés-Campos | Zebrafish adult-derived hypothalamic neurospheres generate gonadotropin-releasing hormone (GnRH) neurons[END_REF][START_REF] Lopez-Ramirez | Isolation and Culture of Adult Zebrafish Brain-derived Neurospheres[END_REF].

The NSCs of several animal species can grow in suspension culture as aggregates of cells termed neurospheres [START_REF] Whalley | Changes in progenitor populations and ongoing neurogenesis in the regenerating chick spinal cord[END_REF][START_REF] Lopez-Ramirez | Isolation and Culture of Adult Zebrafish Brain-derived Neurospheres[END_REF]). These neurosphere cultures contain a mixed population of cells comprising NSCs, NPCs and differentiating neural cells [START_REF] Lopez-Ramirez | Isolation and Culture of Adult Zebrafish Brain-derived Neurospheres[END_REF]. Cells that have the ability for long-term selfrenewal in suspension culture correspond to NSCs in the neurospheres. We recently finetuned a protocol for obtaining neurospheres from the entire zebrafish brain [START_REF] Tse | Identification of Ca2+ signaling components in neural stem/progenitor cells during differentiation into neurons and glia in intact and dissociated zebrafish neurospheres[END_REF]. Different aspects of Ca 2+ signaling (both Ca 2+ influx and Ca 2+ release) are known to play a fundamental role in the different stages of neurogenesis, including during neural induction [START_REF] Leclerc | Imaging patterns of calcium transients during neural induction in Xenopus laevis embryos[END_REF][START_REF] Batut | The Ca2+-induced methyltransferase xPRMT1b controls neural fate in amphibian embryo[END_REF][START_REF] Néant | Trpc1 as the Missing Link Between the Bmp and Ca2+ Signalling Pathways During Neural Specification in Amphibians[END_REF], and the proliferation, migration and differentiation of neural cells [START_REF] Rosenberg | Calcium signaling in neuronal development[END_REF][START_REF] Morgan | Spontaneous calcium transients in human neural progenitor cells mediated by transient receptor potential channels[END_REF][START_REF] Somasundaram | Store-operated CRAC channels regulate gene expression and proliferation in neural progenitor cells[END_REF][START_REF] Hao | The role of Ca(2+) signaling on the selfrenewal and neural differentiation of embryonic stem cells (ESCs)[END_REF]. Store-operated Ca 2+ entry (SOCE) is also reported to control the proliferation of numerous cell types [START_REF] Abdullaev | Stim1 and Orai1 mediate CRAC currents and store-operated calcium entry important for endothelial cell proliferation[END_REF]). In addition, mitochondrial uptake contributes to the regulation of Ca 2+ homeostasis due in part to SOCE activity [START_REF] Demaurex | Regulation of plasma membrane calcium fluxes by mitochondria[END_REF][START_REF] Rizzuto | Mitochondria as sensors and regulators of calcium signalling[END_REF]. Therefore, it is important to be able to visualize and measure Ca 2+ signaling events specifically in the cytosol and/or mitochondria of NSCs, NPCs, and differentiating neural cells. To record Ca 2+ signals, we have used the bioluminescent probe holoaequorin, which is non-toxic to cells and does not require excitation when compared with fluorescent Ca 2+ probes [START_REF] Daguzan | Expression of membrane targeted aequorin in Xenopus laevis oocytes[END_REF][START_REF] Montero | Chromaffin-cell stimulation triggers fast millimolar mitochondrial Ca2+ transients that modulate secretion[END_REF]. Holoaequorin has been cloned and the protein component of the complex (apoaequorin) can be targeted to different compartments of the cell [START_REF] De Giorgi | Targeting aequorin and green fluorescent protein to intracellular organelles[END_REF], while natural or synthetic analogues of the small (~400 Da) luminophore, coelenterazine [START_REF] Shimomura | Semi-synthetic aequorin. An improved tool for the measurement of calcium ion concentration[END_REF][START_REF] Shimomura | Light-emitting properties of recombinant semi-synthetic aequorins and recombinant fluorescein-conjugated aequorin for measuring cellular calcium[END_REF][START_REF] Webb | The use of aequorins to record and visualize Ca(2+) dynamics: from subcellular microdomains to whole organisms[END_REF]) can be loaded into cells by simple incubation [START_REF] Miller | Imaging [Ca2+]i with aequorin using a photon imaging detector[END_REF]. Here, we fine-tuned an electroporation protocol to transiently transfect neurospheres with cDNA encoding either cytosolic-targeted EGFPapoaequorin (CytGA) or mitochondrial-targeted EGFP-apoaequorin (MitGA) [START_REF] Aulestia | Quiescence status of glioblastoma stem-like cells involves remodelling of Ca2+ signalling and mitochondrial shape[END_REF]. We also demonstrated that after reconstitution with coelenterazine, these bioluminescent probes allowed us to monitor [Ca 2+ ] changes in the cytosol or mitochondria.

These changes in cytosolic or mitochondrial [Ca 2+ ] were achieved by the induction of SOCE [START_REF] Parekh | Store-operated calcium channels[END_REF], or stimulation of the P2X and muscarinic acetylcholine receptors with ATP and carbamylcholine (CCh) (Burnstock 2006, Lévesque and[START_REF] Lévesque | Carbachol-Induced theta-like oscillations in the rodent brain limbic system: Underlying mechanisms and significance[END_REF], respectively. Spatiotemporal and temporal luminescence data were acquired using a custom-built electron multiplying charge coupled device (EMCCD)-based photon imaging microscope (PIM) system and a photomultiplier tube (PMT)-based luminescence detection system, respectively [START_REF] Webb | The use of aequorins to record and visualize Ca(2+) dynamics: from subcellular microdomains to whole organisms[END_REF]. Thus, for the first time, we have been able to record Ca 2+ signals with bioluminescent probes in the cytosol and mitochondria of neurospheres or single NSCs/NPCs following electroporation of the appropriate cDNA.

Materials and Methods

Zebrafish husbandry

Wild-type (AB strain) zebrafish (Danio rerio) were held in fish-water [START_REF] Westerfield | The Zebrafish book: a guide for the laboratory use of zebrafish (Danio rerio). 4th edition[END_REF] maintained at ~28.5 o C in AHAB tank racks (Pentair Aquatic Ecosystems, formally Aquatic Habitats, Apoka, FL, USA). The wild-type fish were obtained from the Zebrafish International Resource Centre (University of Oregon, Eugene, OR, USA). All the live fish related procedures used in this study were performed in accordance with the guidelines and regulations set out by the Animal Ethics Committee of the HKUST and by the Department of Health, Hong Kong.

Cell culture and electroporation

Neurosphere cultures were prepared from the whole brains of 1-2-year-old adult zebrafish as described previously [START_REF] Tse | Identification of Ca2+ signaling components in neural stem/progenitor cells during differentiation into neurons and glia in intact and dissociated zebrafish neurospheres[END_REF]) and shown schematically in Fig. 1. At proliferation day 6 to 8 (P6-8), when secondary neurospheres had formed, the cells, which were maintained in proliferation medium, as described in [START_REF] Tse | Identification of Ca2+ signaling components in neural stem/progenitor cells during differentiation into neurons and glia in intact and dissociated zebrafish neurospheres[END_REF] were loaded with CytGA or MitGA via electroporation using a Nucleofector 2b device (AAB-1001; Lonza Group Ltd., Basel, Switzerland) and the Cell Line Nucleofector Kit L (VCA-1005; Lonza) or Kit R (VVCA-1001; Lonza), respectively. The cDNA plasmid of chimeric GFP-aequorin (GA) targeted to the cytosol (CytGA) was a generous gift from Philippe Brûlet (Baubet et al. 2000). The chimeric GA targeted to the mitochondria (MitGA), were designed as published elsewhere [START_REF] Aulestia | Quiescence status of glioblastoma stem-like cells involves remodelling of Ca2+ signalling and mitochondrial shape[END_REF]. In brief, the mitochondrial targeting sequence was fused in frame at the 5′ end with an 86 bp sequence of the human cytochrome c oxidase VIII subunit (COX VIII) isolated from pDsRed2-Mito by digestion with BamHI and XbaI from pDsred2-Mito. All of the constructs were under the control of the human cytomegalovirus promoter (PCMV). For electroporation, we followed the manufacturer's instructions but modified the protocol as follows: a) The neurospheres were initially centrifuged at 200 G for 10 min, after which all the culture media was discarded. b) The cells were then resuspended in 100 µl Nucleofector solution comprising 90 µl of L or R solution and 10 µl Supplement 1 solution (from the Nucleofector L or R kits). c) CytGA or MitGA (each at 2 µg) were mixed with 100 µl of the resuspended cell solution in the aluminium cuvette provided by the manufacturer (Lonza). d) This cuvette was transferred into the Nucleofector device and one of the following programs: X005 (for Kit L) or A003 (for Kit R), was selected to start the process. e) After electroporation, 500 µl fresh proliferation medium was added to the cells such that they were bathing in 50% old medium and 50% new medium, and these were then transferred to a 6-well plate and incubated for 24-48 h, at ~30°C and 5% CO 2 .

Measuring changes in cytosolic and mitochondrial [Ca 2+ ].

Between 24-48 h after electroporation of CytGA or MitGA into the neurospheres, the apoaequorin expressed by the cells was converted into active holoaequorin by incubation with 1 µM coelenterazine cp (C2855, Sigma-Aldrich, St Louis, MO, USA) or coelenterazine F (#345, Nanolight Technology, Pinetop, AZ, USA), respectively for 1 h at 30°C and 5% CO 2 .

While coelenterazine cp and F both have a similar relative luminescence capacity, (i.e., 0.63 and 0.8, respectively), and relative intensity (i.e., 28 and 20, respectively; [START_REF] Shimomura | Semi-synthetic aequorin. An improved tool for the measurement of calcium ion concentration[END_REF])), coelenterazine F was used in conjunction with the MitGA as it was considered to be more appropriate for the large uptake of Ca 2+ that occurs in the mitochondria [START_REF] Shimomura | Light-emitting properties of recombinant semi-synthetic aequorins and recombinant fluorescein-conjugated aequorin for measuring cellular calcium[END_REF][START_REF] Pinton | Biosensors for the Detection of Calcium and pH[END_REF]).

To measure changes in cytosolic [Ca 2+ ], the cells (~10 6 ) were centrifuged and re-suspended in 30 µl Ca 2+ -free Ringer's solution (140 mM NaCl, 40 mM KCl, 2 mM MgCl 2 , 10 mM glucose, 10 mM Na-Hepes; pH 7.4). They were then plated onto 18 mm coverslips in custom-made imaging chambers, and Ca 2+ -free Ringer's solution containing 0.35% molten low gelling temperature agarose (Type VII, A4018, Sigma Aldrich) was added to each chamber. The aluminium chambers comprised a 35 mm dish and a 18 mm coverslip. After the agarose had solidified, the chamber was filled with Ca 2+ -free Ringer's solution. The cells were then incubated with 20 µl of 1 µM thapsigargin (Tg; T9033, Sigma) for 10 min to deplete the endoplasmic reticulum of Ca 2+ , after which the medium was replaced with 20 µl Ca 2+ -free Ringer's solution. The cells were transferred to the EMCCD or PMT systems for subsequent data acquisition [START_REF] Miller | Imaging [Ca2+]i with aequorin using a photon imaging detector[END_REF][START_REF] Webb | The use of aequorins to record and visualize Ca(2+) dynamics: from subcellular microdomains to whole organisms[END_REF]. After a baseline of luminescence was measured in Ca 2+ -free conditions, Ringer's solution (+1 mM CaCl 2 ) was perfused into the chamber to stimulate the cells. Holoaequorin-based Ca 2+ data were collected every ~1 sec for a period of 120 sec as described below.

To measure changes in mitochondrial [Ca 2+ ], cells were treated as described above for the cytosolic Ca 2+ measurements. However, all incubations were carried out in Ringer's solution containing 1 mM CaCl 2 . After the agarose had solidified, the cells were immediately transferred to the EMCCD or PMT systems (i.e., there was no Tg incubation step). After a baseline of luminescence was measured, Ringer's solution (+1 mM CaCl 2 ) containing 100 µM ATP (A6419, Sigma) and 100 µM carbamylcholine (CCh; C4382, Sigma) was perfused into the dish, to stimulate the P2X and acetylcholine (ACh) receptors, respectively. Again, holoaequorin-based Ca 2+ data were collected every ~1 sec for a period of 120 sec, as described below.

Holoaequorin-based Ca 2+ imaging and recording.

Spatial and temporal aequorin-generated luminescence images and bright-field images were acquired using our electron multiplying charge coupled device (EMCCD; Andor, Belfast, Northern Ireland, UK) based photon imaging microscope (PIM) system (custom-made by Science Wares, Falmouth, MA, USA), using a Zeiss Plan-NEOFLUAR 40/1.30 N.A. objective lens [START_REF] Miller | Imaging [Ca2+]i with aequorin using a photon imaging detector[END_REF][START_REF] Webb | Localized calcium transients accompany furrow positioning, propagation, and deepening during the early cleavage period of zebrafish embryos[END_REF], 2010). In addition, in some experiments, temporal aequorin-generated luminescence was acquired using our custom-made photomultiplier tube (PMT)-based luminescence detection systems (Science Wares; [START_REF] Webb | The use of aequorins to record and visualize Ca(2+) dynamics: from subcellular microdomains to whole organisms[END_REF].

Luminescence imaging data were analyzed with the Photon Viewer 2 review software (Science Wares), which permitted the analyses of data with different integration times, time steps and regions of interest (ROIs). The temporal data collected using the PMT-based luminescence detection systems were analyzed with the PMT-IR 2.1 Review software (Science Wares).

Immunochemistry

Neurospheres were fixed with phosphate-buffered saline (PBS) containing 4% paraformaldehyde for 40 min in normal incubation conditions (i.e., at 30°C and 5% CO 2 ).

They were then immunolabeled as described previously [START_REF] Dong | Bisacodyl and its cytotoxic activity on human glioblastoma stem-like cells. Implication of inositol 1,4,5-triphosphate receptor dependent calcium signaling[END_REF][START_REF] Aulestia | Quiescence status of glioblastoma stem-like cells involves remodelling of Ca2+ signalling and mitochondrial shape[END_REF]. The correct localization of apoaequorin-GFP to the mitochondria was confirmed by the co-localisation of GFP and TOM20 signals. TOM20 is a 20 kDa translocase of the mitochondrial outer membrane [START_REF] Eliyahu | Tom20 mediates localization of mRNAs to mitochondria in a translation-dependent manner[END_REF]. TOM20 was detected using the rabbit anti-TOM20 antibody (Santa Cruz Biotechnology, at a 1:100 dilution). To enhance the EGFP signal, samples were also labeled with a mouse anti-GFP antibody (Roche; at a 1:1,000 dilution). The secondary antibodies (Alexa Fluor-488 goat anti-mouse IgG and Alexa Fluor-555 goat anti rabbit IgG; Molecular Probes, Invitrogen, Eugene, OR, USA) were both used at 1:1,000 dilution. Images of immunolabeled cells were acquired with a Leica TCS SP5 II laser scanning confocal microscope mounted on a Leica DMI 6000 microscope using a Leica HCX PL APO 40/1.25 N.A. oil immersion lens. EGFP fluorescence was captured using 488 nm excitation and 510-550 nm detection; TOM20 fluorescence was captured with 561 nm excitation and 570-620 nm detection; and DAPI fluorescence was captured using 405 nm excitation and 430-480 nm detection. 

Data analysis and figure preparation

Results

To record changes in Ca 2+ concentration in the cytosol and mitochondria of NSCs/NPCs in zebrafish neurospheres, secondary neurospheres were prepared from the brain of adult zebrafish (Fig. 1). The neurosphere cells were then electroporated with either CytGA or MitGA. This method allows the direct and real-time monitoring of changes in Ca 2+ concentrations in both the cytosol and mitochondria in individual neurospheres as well as in cells dissociated from neurospheres.

Cytosolic Ca 2+ measurements in zebrafish neurospheres

Twenty-four hours after electroporation of the neurospheres with the cytGA construct (Fig. 2A), we estimated, based on the expression of EGFP, that ~20% of the cells expressed apoaequorin (Fig. 2B). These neurospheres were kept in Ca 2+ -free conditions and they were incubated with 1 µM Thapsigargin (Tg) to empty the ER of Ca 2+ by inhibiting the sarcoendoplasmic reticulum Ca-ATPase (SERCA) pump [START_REF] Lytton | Thapsigargin inhibits the sarcoplasmic or endoplasmic reticulum Ca-ATPase family of calcium pumps[END_REF][START_REF] Bird | Methods for studying storeoperated calcium entry[END_REF]).

Bright-field and luminescence images of a representative neurosphere are shown in Fig. 2Ca and Fig. 2Cb-Ce, respectively. The initial background level of [Ca 2+ ] was relatively low (Fig. Cb). However, within ~40 s after the addition of 1 mM CaCl 2 , a group of cells within the neurosphere generated a distinct increase in [Ca 2+ ]. This increase is shown in the line graph (Fig. 2D), which indicates that the luminescence intensity reached a maximum at ~80 s after the addition of CaCl 2 .

Mitochondrial Ca 2+ measurements in zebrafish neurospheres and NSCs / NPCs

Mitochondria can sequester large amounts of Ca 2+ following increases in Ca 2+ in the cytosol [START_REF] Montero | Chromaffin-cell stimulation triggers fast millimolar mitochondrial Ca2+ transients that modulate secretion[END_REF][START_REF] Santo-Domingo | Calcium uptake mechanisms of mitochondria[END_REF][START_REF] De La Fuente | Mitochondrial free [Ca(2+)] dynamics measured with a novel low-Ca(2+) affinity aequorin probe[END_REF][START_REF] Aulestia | Quiescence status of glioblastoma stem-like cells involves remodelling of Ca2+ signalling and mitochondrial shape[END_REF]). Here, neurospheres were electroporated with MitGA construct. In that case, a COX sequence was fused on the N-terminus of the chimeric EGFP-apoaequorin sequence to target apoaequorin specifically to the mitochondria (Fig. 3A) [START_REF] De Giorgi | Targeting aequorin and green fluorescent protein to intracellular organelles[END_REF]. The correct localization of the apoaequorin probe in the mitochondria was visualized by immunolabeling with an anti-TOM20 antibody [START_REF] Aulestia | Quiescence status of glioblastoma stem-like cells involves remodelling of Ca2+ signalling and mitochondrial shape[END_REF]. The colocalization of EGFP and TOM20 labeling (Fig. 3B) indicated that the chimeric apoaequorin was also expressed in the mitochondria. We also showed, via stimulation of the P2X and muscarinic acetylcholine receptors with ATP and CCh, that we could trigger an increase in [Ca 2+ ] in the cytosol and register the mitochondrial uptake in intact neurospheres and dissociated NSCs/NPCs (Fig. 3C-E). Dissociated neurospheres expressing mitGA were imaged using our luminescence imaging system (Fig. 3C). Some cells (shown here bounded by the orange circles) generated luminescence following the addition of ATP and CCh, whereas others (bounded by the yellow circles) did not respond to ATP and CCh. Figure 3D is Ca 2+ uptake into the mitochondria. Figure 3E shows a similar response when intact neurospheres were transfected with MitGA and then stimulated with ATP and CCh. In this case, temporal changes in luminescence intensity were recorded with the PMT.

Conclusions

The fecundity, rapid growth, transparency, genetic tractability, and ex-utero development of zebrafish have made them a favorable model for investigating many aspects of vertebrate development [START_REF] Link | Zebrafish as a Model for Development[END_REF], disease [START_REF] Tavakoli | Zebrafish as a Model for Human Diseases[END_REF], regeneration [START_REF] Zuppo | Zebrafish heart regeneration: Factors that stimulate cardiomyocyte proliferation[END_REF], and aging [START_REF] Adams | Zebrafish-A Model Organism for Studying the Neurobiological Mechanisms Underlying Cognitive Brain Aging and Use of Potential Interventions[END_REF]. Ca 2+ signaling is involved in many stages of zebrafish development (Webb andMiller 2000, Chen et al. 2017). This includes the different phases of neurogenesis, from the early stages to the formation of the neuromuscular network as well as during later behavior [START_REF] Créton | Patterns of free calcium in zebrafish embryos[END_REF][START_REF] Higashijima | Imaging neuronal activity during zebrafish behavior with a genetically encoded calcium indicator[END_REF][START_REF] Kelu | Characterization of ADP-ribosyl cyclase 1-like (ARC1-like) activity and NAADP signaling during slow muscle cell development in zebrafish embryos[END_REF][START_REF] Guo | TPC2-mediated Ca2+ signaling is required for axon extension in caudal primary motor neurons in zebrafish embryos[END_REF]). The analysis of Ca 2+ function during neural development is further helped by the fact that the early nervous system of the embryonic and larval zebrafish is relatively simple and well characterized allowing individual neurons to be identified [START_REF] Myers | Development and axonal outgrowth of identified motoneurons in the zebrafish[END_REF]. Furthermore, in contrast to mammals, neural stem cell niches are abundant in the adult zebrafish brain [START_REF] Kaslin | Proliferation, neurogenesis and regeneration in the non-mammalian vertebrate brain[END_REF][START_REF] Kaslin | Stem cells in the adult zebrafish cerebellum: initiation and maintenance of a novel stem cell niche[END_REF]. The development of reliable protocols for isolating and culturing NSCs/NPCs from adult fish brain enables the in-depth exploration of mechanisms underlying the induction, specification and differentiation of these cells [START_REF] Cortés-Campos | Zebrafish adult-derived hypothalamic neurospheres generate gonadotropin-releasing hormone (GnRH) neurons[END_REF]. Recent data indicate that some Ca 2+ toolkit components such as the 1,4,5-inositol trisphosphate receptor (IP 3 R) and ryanodine receptor (RyR) are differentially expressed in NSCs/NPCs and in differentiating neuronal cell types [START_REF] Tse | Identification of Ca2+ signaling components in neural stem/progenitor cells during differentiation into neurons and glia in intact and dissociated zebrafish neurospheres[END_REF]).

Here, we describe a simple procedure that can be used to perform Ca 2+ imaging in neurospheres and dissociated NSCs/NPCs from the adult zebrafish brain. The neurospheres were electroporated with either the CytGA or MitGA constructs to express apoaequorin in the cytosol or mitochondria of cells, respectively. When compared with fluorescent Ca 2+ reporters, aequorin has the advantage of being non-toxic. In addition, it has an ultra-low background signal; shows inherent contrast enhancement; has very long life time in the cytosol; does not require excitation illumination; and exhibits a wide dynamic range [START_REF] Miller | Imaging [Ca2+]i with aequorin using a photon imaging detector[END_REF][START_REF] Aulestia | Two distinct calcium pools in the endoplasmic reticulum of HEK-293T cells[END_REF], 2015, 2018[START_REF] De La Fuente | Mitochondrial free [Ca(2+)] dynamics measured with a novel low-Ca(2+) affinity aequorin probe[END_REF][START_REF] Dong | Bisacodyl and its cytotoxic activity on human glioblastoma stem-like cells. Implication of inositol 1,4,5-triphosphate receptor dependent calcium signaling[END_REF] Achieving an optimal level of expression efficiency for genetically engineered Ca 2+ indicators is often difficult especially in non-transformed cells [START_REF] Kotlikoff | Genetically encoded Ca2+ indicators: using genetics and molecular design to understand complex physiology[END_REF]. To overcome this problem, here we developed a fast, effective, and relatively harmless electroporation protocol allowing the expression of CytGA and MitGA in ~20% of neurosphere cells. This method represents an advantage over liposome transfection methods, (for example, with lipofectamine), which depend on cell division [START_REF] Brunner | Cell cycle dependence of gene transfer by lipoplex, polyplex and recombinant adenovirus[END_REF]. We also found that to optimize the survival of the neurospheres and dissociated cells, the cells should be embedded in a matrix of pre-heated agarose at 30°C for the Ca 2+ imaging experiments.

Another important aspect with regards to the agarose matrix during imaging was its concentration (0.35%) and the use of a small volume (20 µl). These conditions allowed the formation of a monolayer of neurospheres.

Prior to the development of genetically encoded Ca 2+ reporters that could be targeted to intracellular organelles or to specific cytoplasmic domains, the available Ca 2+ reporters were loaded into (and reported the Ca 2+ dynamics of) the cytoplasmic compartment of cells. If these reporters were loaded via attachment to an AM-ester, to facilitate crossing the plasma membrane, they could also cross the membranes of intracellular organelles and thus report the Ca 2+ activity within these sub-cellular compartments. In this case, it was often difficult to discriminate between signals generated from the cytoplasmic domain, from those within the organelles, especially the smaller ones. In addition to the endoplasmic reticulum, recognized as the major intracellular Ca 2+ store, it is becoming clear that other organelles also act as Ca 2+ stores, and these also play an active role in intracellular Ca 2+ signaling and homeostasis. For example, mitochondria are known to have specific roles in the regulation of cellular Ca 2+ homeostasis and signaling via the uptake, release, and transfer of Ca 2+ in addition to their essential role in energy metabolism [START_REF] Giacomello | Mitochondrial Ca2+ as a key regulator of cell life and death[END_REF][START_REF] Rizzuto | Ca(2+) transfer from the ER to mitochondria: when, how and why[END_REF][START_REF] Contreras | Mitochondria: the calcium connection[END_REF]. It is not surprising, therefore, that they are involved during many steps of nervous system development, from fate specification of neural progenitor cells, to dendritic development and synaptic transmission [START_REF] Rangaraju | Pleiotropic Mitochondria: The Influence of Mitochondria on Neuronal Development and Disease[END_REF]. However, to better understand the role that mitochondria play in Ca 2+ -mediated signaling events associated with neurogenesis, it is essential to be able to discriminate between the Ca 2+ dynamics across the mitochondrial membrane from that across the plasma membrane. This can be achieved by fusing apoaequorin to a signal peptide, which is targeted to a specific cellular compartment [START_REF] De Giorgi | Targeting aequorin and green fluorescent protein to intracellular organelles[END_REF]. Indeed, here we targeted and expressed apoaequorin specifically in the cytosol (CytGA) and in the mitochondria (MitGA) of neurospheres, after which we could visualize: (1) Ca 2+ entry after activation of the SOCE in the cells of intact neurospheres (Fig. 2), and (2) mitochondrial Ca 2+ uptake after activation of ionotropic channels, in dissociated NSCs/NPCs. Accumulating evidence suggests that some pathophysiological events observed in adults might be due to aberrant Ca 2+ signaling during development [START_REF] Parys | Calcium signaling in health, disease and therapy[END_REF]. The zebrafish represents a favorable vertebrate system to model human diseases due to the conservation of the gene regulatory networks involved in developmental and physiological processes [START_REF] Macrae | Zebrafish as tools for drug discovery[END_REF]Peterson 2015, Fontana et al. 2018). Interestingly, the dysfunction and altered dynamics of mitochondria are associated not only with a number of neurodegenerative diseases [START_REF] Rangaraju | Pleiotropic Mitochondria: The Influence of Mitochondria on Neuronal Development and Disease[END_REF]) but also with tumorigenesis [START_REF] Porporato | Mitochondrial metabolism and cancer[END_REF][START_REF] Hubackova | Mitochondria-driven elimination of cancer and senescent cells[END_REF]. Indeed, in glioblastoma stem-like cells, the transition from proliferation to quiescence is associated with an increase in mitochondrial Ca 2+ uptake [START_REF] Aulestia | Quiescence status of glioblastoma stem-like cells involves remodelling of Ca2+ signalling and mitochondrial shape[END_REF]).

Here, we provide a reliable method (electroporation) to transiently transfect NSCs/NPCs with a genetically encoded bioluminescent Ca 2+ indicator and thus allow us to discriminate between the Ca 2+ dynamics in different cellular compartments (i.e., cytoplasm versus mitochondria). A better understanding of the source and nature of the upstream Ca 2+ signals might provide valuable insights regarding the downstream targets that help to regulate differentiation and development, such as gene expression, modulation of cytoskeletal components and metabolism processes. Bioluminescence was captured with our EMCCD-based photon imaging system. (E)

  Numerical data were exported to GraphPad Prism 7.03 (San Diego, CA, USA) for statistical analyses and graph plotting, and they are presented as means ± S.D. Figures were prepared using Corel Graphics X8 (Corel Corporation, Ottawa, Canada).

  a line graph showing the temporal changes in luminescence observed in three of the cells from the dissociated neurospheres shown in Fig 3C, after stimulation with ATP and CCh, indicating
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 2 Figure 2. Electroporation of CytGA into cells. (A) Schematic map of the CytGA construct where the aequorin coding sequence is fused in frame with the EGFP gene. (B) A representative neurosphere after electroporation with CytGA, showing: (Ba) EGFP fluorescence, (Bb) bright-field (BF), and (Bc) EGFP and BF views. (C) Imaging aequoringenerated bioluminescence in a representative neurosphere, which was transfected with cytGA and then kept in Ca 2+ -free conditions and incubated with thapsigargin (Tg). (Ca) BF image of the neurosphere and (Cb-Ce) time-lapse images at (Cb) -40 s (to show the background luminescent intensity), (Cc) 0 s (when Ca 2+ was added), and then at (Cd) 40 s and (Ce) 80 s after 1 mM CaCl 2 was added. The luminescence data represent 10 s of accumulated light. (D) A line graph showing the kinetics of the cytosolic Ca 2+ increase from cells in the neurosphere shown in panel (C). The data represent the mean ± SD of 6 cells.

Figure 3 .

 3 Figure 3. Electroporation of MitGA into cells. (A) Schematic map of the MitGA construct with the COX sequence fused in frame with the CytGA sequence. (B) A representative neurosphere after electroporation with MitGA followed by immunolabelling with the anti-TOM20 antibody. (Ba) Anti-TOM20 (red), (Bb), EGFP (green), (Bc) and DAPI (blue) fluorescence. (Bd) The red, green, and blue channels when merged. (C) Imaging aequoringenerated bioluminescence in dissociated neurospheres transfected with MitGA. These are luminescence time lapse images (Ca) before and (Cb) after the addition of ATP and CCh. The luminescence data represent 120 s of accumulated light. The cells are numbered 1-10; those bounded by the orange circles were MitGA positive and generated a Ca 2+ signal after the addition of ATP and CCh, whereas those bounded by the yellow circles did not generate a Ca 2+ signal after ATP/CCh addition. (D) Line graph illustrating the luminescence changes from three of the MitGA-positive cells in panel (C) -cells 1-3 -showing the kinetics of Ca 2+uptake into the mitochondria immediately after the addition of ATP and CCh.
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Representative PMT trace conducted with a population of intact neurospheres that had been electroporated with MitGA. The graph shows the level of luminescence before and after the addition of ATP and CCh.