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SUMMARY

Regulation of bioenergetics and cell death are pivotal mitochondrial functions determining the responses of macrophages to infection. Here, we provide a protocol to investigate mitochondrial functions during infection of macrophages by intracellular bacteria. We describe steps for quantifying mitochondrial polarization, cell death, and bacterial infection in infected, living, human primary macrophages at the single-cell level. We also detail the use of the pathogen Legionella pneumophila as model. This protocol can be adapted to investigate mitochondrial functions in other settings. For complete details on the use and execution of this protocol, please refer to Escoll et al. (2021). [START_REF] Escoll | Reverting the mode of action of the mitochondrial FOF1-ATPase by Legionella pneumophila preserves its replication niche[END_REF] 

BEFORE YOU BEGIN Institutional permissions

Human blood was collected from healthy volunteers under the ethical rules established by the French National Blood Service (EFS) and under the agreement number C-CPSL-UNT-n 15/EFS/23 of Institut Pasteur with the EFS. Institutional permissions to obtain and use human blood should be signed before starting this protocol. 

KEY RESOURCES

ddH 2 O. N/A q.s. 1 L Total N/A 1 L
keep it at 4 C, in the dark and not longer than a week. Chloramphenicol is only added to the Erlenmeyer before inoculating the liquid medium with the bacteria to start the culture.

STEP-BY-STEP METHOD DETAILS

Generation of human monocyte-derived macrophages (hMDMs)

Timing: 7 days

Human Monocyte-Derived Macrophages (hMDMs) are obtained with a density gradient centrifugation using a Ficoll-gradient method. This method relies on the different densities of blood components for their separation in distinct phases. The Ficoll solution allows the partition of erythrocytes and polynuclear cells at the lower part of the tube due to their density being higher than Ficoll while plasma and peripheral blood mononuclear cells (PBMCs) lay on top of it. Monocytes (CD14+ cells) can then be isolated from PBMCs by positive magnetic sorting. Subsequently they can be differentiated into human primary macrophages, hMDMs, by culturing them in the presence of recombinant human M-CSF (rh-MCSF) (Figure 1).

1. Cell isolation: Separation of PBMCs from whole blood (or buffy coat). a. Dilute blood with equal volume of PBS (at room temperature, RT). b. Add 15 mL of Lymphocytes Separation Medium in 50 mL Falcon tubes (RT). c. Pipette slowly 30 mL of PBS-diluted blood over the separation medium, be careful not to mix both phases.

Note: For volumes less than 30 mL of PBS-diluted blood, use a Ficoll to blood ratio of 1:2 and adjust all volumes accordingly. d. Centrifuge tubes for 30 min at RT and 300 3 g, with an acceleration of 2 and without breaks. e. Retrieve plasma and the PBMC layers (the white band above the Ficoll band, see Figure 1), transfer to new separate 50 mL tubes and add PBS to a final volume of 45 mL. f. Centrifuge cells during 10 min at 300 3 g and 10 C. g. Discard supernatant, pool all pellets, add PBS to a final volume of 45 mL and centrifuge cells during 10 min at 300 3 g and 10 C. h. Resuspend the pellet in 2 mL of cold MACS buffer and count the cells with Trypan Blue. i. Transfer the cells to a 15 mL falcon tube, spin down the cells and resuspend in 8 mL of MACS buffer for each 1 Ã 10 6 cells. j. Incubate the cells on ice for 5 min to prevent the internalization of CD14 magnetic beads by the phagocytic cells. 2. Cell isolation: Separation of Monocytes from PBMCS by positive magnetic sorting. a. Add CD14 magnetic beads to the cells with a volume of 2 mL for each 1 Ã 10 6 cells. b. Incubate at 4 C for 15 min with gentle agitation on a roller shaker set at 40 rpm. c. Add 5 mL of MACS buffer right after incubation to dilute the beads and avoid non-specific binding. d. Centrifuge cells during 10 min at 300 3 g at 10 C. In the meantime, prepare the column and magnet by placing the column on the magnet and the filter on top of the column. e. Wash column with 3 mL of MACS buffer. f. Remove supernatant after centrifuging and resuspend the pellet in 5 mL of MACS buffer for each 1 Ã 10 6 cells then directly transfer the cells on the column. g. Wait until the last drop and then proceed with 3 washes of the column with 3 mL of MACS buffer. h. Remove column from the magnet and, at a recommended distance of 30 cm from the magnetic field, add 5 mL of MACS buffer to the column and flush the contents with a plunger into a 15 mL tube. CRITICAL: The detachment technique is important to maintain the cell-integrity of the macrophages. Using thermosensible dishes such as Nuncä UpCellä plates greatly enhances cell viability and integrity after detachment. c. Keep cells in a humidified incubator at 37 C + 5% CO 2 , d. Three days after plating the cells, add 6 mL of pre-warmed rh-MCSF supplemented culture medium to a 10 cm dish or 1 mL to a well of a 6-well plate. e. Wait until day 6-7 after plating to obtain fully differentiated macrophages. f. Place plates at 20 C for 20 min inside an incubator or at RT on a bench-top for the cells to detach. Cells can be left at RT for up to 40 min if required for improved detachment. g. Collect half of the supernatant and place it in a 15 mL Falcon tube. h. Flush the dish or the well with the remaining medium to further detach the cells and collect them in the falcon tube. i. Add 5 mL and 1 mL of PBS to the dish and respectively and repeat the flushing step. j. Collect the supernatant, check with the microscope for good detachment of the cells. Repeat step h if necessary. k. Spin down harvested cells at 400 3 g for 10 min at RT, resuspend in preferred culture medium without phenol red and count cells.

Pause point: One can continue with the experiment or stop at this point and freeze the hMDMs in 1 mL of CryoStorâ CS10 freezing medium or in 1 mL of 10% DMSO in FCS, at a cell concentration between 0:5 and 10 Ã 106 cells/mL. Differentiated hMDMs can be conserved in liquid nitrogen for several months.

Preparation of bacteria

Timing: 4 days

Infection of macrophages is conducted with fluorescent-protein expressing strains in order to track infection and replication dynamics during the whole time-course of infection. Here, Legionella pneumophila, a gram-negative intracellular bacterium responsible for the Legionnaire's disease, is used to infect hMDMs. Legionella pneumophila has a type IV secretion system (T4SS) that injects bacterial effectors into host cells to subvert several cellular processes including mitochondrial parameters such as the mitochondrial membrane potential (DJm) and cell death. [START_REF] Escoll | Reverting the mode of action of the mitochondrial FOF1-ATPase by Legionella pneumophila preserves its replication niche[END_REF][START_REF] Lomma | The Legionella pneumophila F-box protein Lpp2082 (AnkB) modulates ubiquitination of the host protein parvin B and promotes intracellular replication: L. pneumophila modulates ParvB[END_REF] The strain used Is L. pneumophila Strain Paris (Lpp) containing the pNT28 plasmid, [START_REF] Tiaden | Analysis of legionella infection by flow cytometry[END_REF] which constitutively expresses GFP and has a resistance cassette to chloramphenicol (Figure 2). 4. Streak L. pneumophila strains taken from the À80 C glycerol stock on Charcoal Yeast Extract (BCYE) agar and incubate the plate for 3 days at 37 C. 5. Inoculate 10 mL Buffered Yeast Extract (BYE) liquid medium at OD 600 = 0,1 the day prior to the infection and allow bacteria to grow overnight while shaking at 37 C at an rpm of 200 rpm until OD 600 reaches about 4,2. 6. Monitor the bacteria under the light microscope to check they are motile, indicating that the flagella are expressed and hence that the bacteria are in the infectious state. 7. Aliquot 2 mL of the bacterial culture, measure OD 600 . To calculate the number of bacteria in the culture, use an OD 600 = 2,5 which is representing a concentration of 2; 2 Ã 10 9 bacteria/mL. Dilute the bacteria in the final cell culture medium to obtain a multiplicity of infection (MOI) of 10.

Plating & infection of hMDMs with fluorescent bacteria

Timing: 2 days 8. Plating of hMDMs (a day before the infection) (Figure 1). a. Adjust the concentration of the cells to 200 000 cells/mL using culture media and add in a 384-well plate 50 mL per well to obtain a final concentration of about 10 000 cells per well. This density of cells is adequate in terms of numbers but also for segmentation during image analysis. b. Leave the cells to attach overnight.

Note: This protocol can be adapted to 96-well plates by adjusting the cell number to 300 000 cells/mL and the assay volumes to 100 mL (30 000 cells per well). 9. Infection of hMDMs (Figure 2). a. Wash the hMDMs twice by removing 40 mL of the medium and then gently flushing the attached cells with the same volume of fresh phenol red-free culture medium. Keep the final volume in the well to 50 mL. b. Remove 25 mL from all wells and add 25 mL of a 23 bacterial suspension to wells meant to be infected and culture media to the others. MOI = 10. c. Spin the plate at 200 g for 5 min at RT to synchronize infection. This is considered the T = 0 of the infection. d. Incubate the plate at 37 C for 5 min in a water-bath and 25 min in a humidified incubator at 37 C + 5% CO 2 .

CRITICAL: Incubation of the plate in the water-bath after infection increases phagocytosis of bacteria by macrophages. [START_REF] Coers | Modulation of phagosome biogenesis by Legionella pneumophila creates an organelle permissive for intracellular growth[END_REF] It is important to use a support to stabilize the plate inside the water-bath as well as to properly adjust the water level of the water-bath. Only the bottom of the plate should be on the surface of the water without reaching the lid of the plate.

e. Wash cells three times as described above to remove extracellular bacteria and proceed with the staining.

Staining of hMDMs

Timing: 30 min To measure mitochondrial membrane potential (DJm) and early cell death during infection, macrophages are stained with Tetramethylrhodamin, methyl ester perchlorate (TMRM) and with Annexin-V Alexa Fluor 647 conjugate, respectively. TMRM is retained inside mitochondria in a DJm dependent manner, and its fluorescence is proportional to the DJm. An OXPHOS uncoupler such as FCCP (10 mM) can be used as a control for mitochondrial membrane depolarization. Annexin-V is binding phosphatidylserine that is a marker of cell death when it is on the outer leaflet of the plasma membrane. Cells are also stained with Hoechst 33342, a DNA marker used to detect nuclei of living cells.

10. Prepare the 23 dye mix to a final concentration of 200 ng/mL of Hoechst H33342, 10 nM of TMRM, and 1/100 Annexin-V-Alexa Fluor 647 in prewarmed phenol red-free culture medium. This can be performed during the previous incubation step. 11. Remove 25 mL of culture medium and add 25 mL of the 23 dye mix. 12. Incubate 30 min at 37 C / 5% CO 2 (1 h post infection). Proceed with image acquisition.

Note: The staining solution is not washed and remains in the wells during the whole assay, as cells would need to take up the dyes if there are changes in the measured parameters.

Automatic acquisition of confocal images

Timing: 17 h

For fluorescent live imaging we used an automated microlens-enhanced spinning disc confocal microscope (Opera Phenixä High Content Screening System, PerkinElmer) equipped with a 633 water objective, excitation lasers at 405, 488, 561, and 640 nm, and emission filters at 450, 540, 600, and 690 nm, respectively. The microscope system is controlled by the Harmony software v.4.9 (PerkinElmer).

13. Stabilize the incubation chamber of the microscope at 37 C / 5% CO 2 (This can take an hour if the chamber was not heated before). 14. Load the 384-well plate. 15. Set up the experiment by adjusting the focus and the exposure time/intensity of the lasers for each channel. 16. Program the acquisition to image multiple fields (from 9 to 25) per well, every hour, starting at 1 h post-infection until 18 h post-infection (Figure 3). 17. Start acquisition at least 30 min after staining to obtain a proper fluorescence intensity from Hoechst dye.

CRITICAL: In order to properly sort extracted data during image analysis, it is important to fill the plate layout in the software according to your plate map.

Image analysis

Timing: Can vary from 1 h to overnight

Acquired images need to be translated into datasets that allow quantitative analysis of measured parameters. For this, automatic high-content image analysis is performed. Here, Perkin Elmer's High-Content Imaging and Analysis software Harmonyâ is used. A script is written from pre-programmed blocks that are available in the software. Alternatively, other similar software such as CellProfiler (open-access) can also be used. The most important point for the precise analysis of the parameters measured is the segmentation of cellular and subcellular parameters. For this purpose, the fluorescent signal of the staining is used. An example of the analysis building blocks is depicted in Figure 4 and associated images are shown in Figure 5.

Analysis workflow:

18. Segment nuclei. a. Start analysis by calculating a mask of nuclei from the input image (Figure 4, step 1) using the Hoechst signal in the 405/450 channel. This nuclei mask becomes a new channel (''calculated image nuclei'', step 2). b. Find and identify nuclei using the ''calculated image nuclei'' channel (step 3). c. Calculate morphological properties of identified nuclei to filter out objects that were wrongly selected. By using nuclei roundness and area, we can eliminate artefacts from the analysis (step 4).

CRITICAL: Make sure to check several timepoints when filtering out objects to avoid being too strict and thus loose events that are not artefacts.

At this point you obtain the ''real nuclei'' population based on the selected nuclei.

19. Segment cytoplasm. a. Create a mask for the cellular cytoplasm by creating a new channel that sums up TMRM and Annexin V signals in the 561/600 and 640/690 channels (step 5). b. Verify that the cytoplasm is well segmented by testing the different detection methods provided by the software as ready-to-use processing modules. In the case of Harmony software, the cytoplasm detection method ''A'' normally works well. Note: In order to properly segment the whole cytoplasm of infected cells, you can also consider adding GFP to create this new channel as bacterial vacuoles sometimes take a large part of the cytoplasm at the end of the infection.

c. Detect the cytoplasm region among the ''real nuclei'' population created in the previous step using the mask of cellular cytoplasm (step 6). d. Resize the regions selected as cytoplasm to 30% to completely encompass each cell (step 7). 20. Measure fluorescent parameters.

a. Measure the intensity in the 561/600 channel for TMRM (mean and SD) (step 8). b. Calculate SD/Mean for TMRM (step 8).

Note: For some parameters measured such as the mitochondrial membrane potential, it is better to consider the SD/Mean rather than the mean in the cell. For the DJm, the signal compartmentalized in the mitochondria is what we want to measure. However, the distribution of the dye can change, switching from cytoplasm to mitochondria while the mean intensity remains constant. Hence, dividing the SD by the mean allows to follow a ratio that takes into consideration compartmentalization, which gives a reflection of the DJm in the mitochondria when measuring fluorescence in whole cells (see Figure 3 a. Detect bacteria within the ''real nuclei'' population using the GFP signal in the 488/540 channel (step 10). b. Calculate morphological properties such as area in mm 2 in order to follow the evolution of the vacuole size overtime (step 10). c. Discriminate infected cells from non-infected cells (step 11).

Note:

In order to correctly monitor the bacterial replication, measuring the vacuole area in mm 2 is preferable to counting the number of bacteria as single bacteria are more difficult to accurately segment once replication starts.

Select calculated outputs.

a. Select the desired calculated outputs depending on the experiment e.g., total number of cells (''real nuclei''), number of infected cells, number of spots per cell (bacteria), sum of spot area in mm 2 per cell, intensity of TMRM per cell (mean, SD and SD/mean), intensity of Annexin-V per cell (mean).

Note:

The same analysis sequence can often be re-used with little adjustments for different experiments that have similar setups.

EXPECTED OUTCOMES

Taken together, this protocol provides the experimental steps to follow to obtain human monocytes-derived macrophages, to infect them with fluorescent intracellular bacteria and to conduct staining to automatically acquire and analyze images from infected cells. This high-content assay enables to simultaneously measure mitochondrial membrane potential, early cell death and infection dynamics in single cells during the whole course of the infection (Figure 6). Additionally, the relationships between each parameter measured can be analyzed (Figure 7). The protocol can easily be adapted to different cell types, bacterial species and cellular staining. The use of specific drugs affecting the electron transport chain and membrane potential, or cell death, can also be considered to further study the eventual variations of these parameters during infection. Then, by comparing WT strains and mutants, bacterial genes involved in the modulation of these parameters can be discovered. In the example shown in Figures 6 and7, we compared Lpp WT with a Lpp DdotA, mutant which has a nonfunctional T4SS to interrogate the participation of bacterial effectors in the observed changes.

LIMITATIONS

The quality of the cells used in the protocol is critical. Inadequate blood collection or long storage of blood before starting the protocol might render macrophages of low quality, which will affect the results obtained. High percentage of Annexin V+ macrophages at T = 0 in non-infected conditions (>15%) might point to a problem during blood collection, storage/shipping, or during the differentiation of macrophages. In this case, the validity of the results might be compromised.

TROUBLESHOOTING Problem 1

Acquisition run is too long and desired 1 h imaging frequency cannot be achieved. 

  i. Add cells to a new column without filter and repeat steps e, g, and h. CRITICAL: Using two columns improves the purity of the cells and avoids the presence of red blood cells. j. Count cells. k. Centrifuge cells during 10 min at 300 3 g at 10 C and discard supernatant. 3. Cell culture: Differentiation of Monocytes into Macrophages. a. Prepare medium for differentiation; X-VIVO-15 or RPMI10%FBS supplemented with 25 ng/mL of rh-MCSF and warm it up to 37 C. b. Plate cells either in 10 cm Nuncä UpCellä dishes (maximum of 8 Ã 10 6 in 12 mL) or in 6-well Nuncä UpCellä plates (maximum of 1 Ã 10 6 cells in 2 mL per well) depending on the obtained cell count.

Figure 1 .

 1 Figure 1. Generation of human monocyte-derived macrophages (hMDMs)

Figure 2 .

 2 Figure 2. Preparation of bacteria and hMDM infection

Figure 3 .

 3 Figure 3. Automatic image acquisition Scale bar: 30 mm.

Figure 4 .Figure 5 .

 45 Figure 4. Image analysis workflow -Building blocks

  at Duchen et al., 2003).[START_REF] Duchen | Imaging mitochondrial function in intact cells[END_REF] c. Measure the intensity in the 640/690 channel for Annexin V (mean) (step 9). 21. Identify infected cells.

Figure 6 .

 6 Figure 6. Example of a result (A-C) Results obtained using the high-content assay can be represented as time-courses of single-cell data for each parameter: DJm (A), early cell-death (B) and bacterial replication (C). Here, non-infected, Lpp WT-infected and Lpp DdotA infected hMDMs are compared for each parameter at different time points of infection.

  

  

TABLE

  

	Continued Continued				
	REAGENT or RESOURCE Reagent	SOURCE Final concentration	IDENTIFIER	Amount
	X-VIVO15 without Phenol red Agar	Lonza 15 g/L	BEBP02-0554Q	15 g
	Recombinant human M-CSF research grade Activated charcoal	Miltenyi Biotec 2,5 g/L	130-093-963	2,5 g
	Dimethyl sulfoxide (DMSO) L-cysteine	Euromedex 0,4 g/L	UD8050-A	0,4 g
	Fetal calf serum (FCS) Iron pyrophosphate	Eurobio 0,25 g/L	CVFSVF00-01	0,25 g
	CRYOSTORâ CS10 Chloramphenicol	BioLife Solutions 10 mg/mL	210374	10 mg
	FCCP ddH 2 O.	N/A	Tocris	0453	q.s. 1 L
	Chloramphenicol Total	N/A	SIGMA	56-75-7	1 L
	Tetramethylrhodamin, methyl ester perchlorate (TMRM)	Molecular Probes	T668	
	Annexin V Alexa Fluor647 conjugate		Invitrogen	A23204	
	Hoechst, trihydrochloride, trihydrate Trypan blue stain 0.4% Buffered Yeast Extract BYE (for liquid culture)		Hoechst 33342 Invitrogen	H3570 T10282	
	Bacto Yeast Extract Reagent	Difco Final concentration	212750	Amount
	ACES ACES	Sigma 10 g/L	A9758	10 g
	Activated charcoal Yeast extract	Sigma 10 g/L	C9157	10 g
	Bacto agar KOH	Difco pH = 6,9	214010	N/A
	Ultra-pure water L-cysteine	Millipore 0,4 g/L	MilliQ	0,4 g
	KOH Iron pyrophosphate	Sigma 0,25 g/L	221473	0,25 g
	L-Cysteine Chloramphenicol	Sigma 10 mg/mL	C7477	10 mg
	Iron pyrophosphate		Sigma	P6526	
	Software and algorithms				
	Harmony 4.9 Office		PerkinElmer	Perkin Elmer -Harmony Software
	Prism 9.3.0		GraphPad	GraphPad -Prism Software
	Other KOH 4 M: add 224,44 g of KOH powder in 1 L ddH 2 O.		
	15 mL Falcon tubes		Corning	352096	
	50 mL Falcon tubes Conserve at room temperature for up to 1 year.	Corning	352070	
	1.5 mL Eppendorf tubes		N/A	N/A	
	LS Column L-cysteine 200 g/L: add 1 g of L-cysteine powder in 5 mL ddH 2 O. Miltenyi Biotec	130-042-401	
	Pre-separation filters (30 mm)		Miltenyi Biotec	130-041-407	
	Countess automated cell counter Roller shaker Conserve 1 mL aliquots (5003) at À20 C for up to 1 year. Invitrogen IKA	C10227 0004011000	
	Swinging bucket centrifuge Serological pipets (5, 10, 25 mL) Iron pyrophosphate 250 g/L: add 1,25 g of Iron pyrophosphate powder in 5 mL ddH 2 O. Thermo Scientific Sorvall ST16R Corning 357543, 357551, 357535
	Cell culture microplates 384 wells		Greiner Bio-One	781091	
	QuadroMACS separator & Multistand Conserve 500 mL aliquot (10003) at À20 C for up to 1 year. Miltenyi Biotec	130-091-051, 130-042-303
	Nunc UpCell 10 cm dishes		Thermo Scientific	174902	
	Opera Phenix Plus High-Content Screening System Chloramphenicol 10 mg/mL: add 100 mg of Chloramphenicol powder in 10 mL Ethanol. PerkinElmer HH14001000
	Vacuum pump		VWR	VP86	
	Water bath Conserve at À20 C for up to 1 year.		Julabo	TW12 9550112	
	Pipette boy		Integra Biosciences	155017	
	REAGENT or RESOURCE Antibodies Aspirating pipettes Tips 10, 50, 200, 1000 CRITICAL: To handle KOH, use lab coat, gloves, FFP3 mask under the hood. Iron pyro-SOURCE IDENTIFIER Corning 4975 Fischer Scientific multiple Spectrophotometer Eppendorf 6132 phosphate should be dissolved with a heater and with stirring.
	CD14 MicroBeads (dilution 1/4) Plastic cuvettes Filter 0.22 mm To prepare BYCE agar, mix ACES, Yeast Extract and charcoal powder with water. Adjust the pH to Miltenyi Biotec Biosigma BSA002 130-050-201 ClearLine 051732 Bacterial and virus strains Legionella pneumophila strain Paris WT Cazalet et al. 2 Petri dish Fisher 15478784 6,9 G 0,2 with KOH 4 M. Pour 500 mL of the obtained mix in 1 L bottles, weigh agar and add it to the NCBI Genome: txid297246 Legionella pneumophila strain Paris DdotA Lomma et al. 3 N/A mix. Autoclave 121 C for 20 min and mix well after autoclaving. The agar bottle can be conserved at
	Biological samples Whole blood from healthy donor MATERIALS AND EQUIPMENT room temperature for up to 6 months.		EFS	N/A	
	When preparing plates, heat up to 200 C until agar melts then let it cool down to 50 C before adding
	Buffered Charcoal Yeast Extract BYCE Agar (for plating) L-cysteine, iron pyrophosphate and chloramphenicol. Pour plate with 20 mL per plate (petri dish)
	Reagent and conserve at 4 C until use.	Final concentration		Amount
	ACES	10 g/L		10 g
	Yeast extract For BYE liquid medium. Mix ACES, Yeast Extract and adjust the pH to 6,9 G 0,2 with KOH 4 M. Auto-10 g/L 10 g
	KOH 4 M clave 121 C for 20 min or filter sterilize it. The liquid medium can be kept at room temperature for pH = 6,9 N/A
	(Continued on next page) 6 months. Add L-cysteine, iron pyrophosphate to the 500 mL bottle when about to use and then
					1

Chemicals, peptides, and recombinant proteins Lymphocyte Separation Medium Eurobio Scientific CMSMSL01-01 Dulbecco's Phosphate Buffered Saline (PBS) (w/o Ca 2+ & Mg 2+ ) Gibco 14190-094 autoMACS Rinsing Solution with BSA (MACS buffer) added Miltenyi Biotec 130-091-222 BSA Miltenyi Biotec 130-091-376 (Continued on next page) STAR Protocols 4, 102175, June 16, 2023 ª 2023 The Authors. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Potential solution

Reduce the number of wells, the number of fields per well, or the exposure time.

Problem 2

Even if the percentage of Annexin V+ cells in non-infected conditions at T = 0 is low, the percentage rapidly increases to high percentages (>40%) at later time-points.

Potential solution

Cells might be suffering from phototoxicity. Reduce laser intensity (especially 405nm and 488nm) to less than 50% and reduce exposure time as much as possible, ideally less than 120 ms.

Problem 3

Bacteria replicate outside of macrophages and non-infected by-stander cells die.

Potential solution

Implement the gentamycin protection assay in the protocol. After infection and washing bacteria, add gentamycin to the staining solution (final concentration of 10 mg/mL). 

RESOURCE AVAILABILITY

Lead contact Further information and requests for resources and reagents should be directed to and will be fulfilled by the lead contact, Pedro Escoll (pescoll@pasteur.fr).

Materials availability

This study did not generate new unique reagents.

Data and code availability

All data generated or analyzed in the original study [START_REF] Escoll | Reverting the mode of action of the mitochondrial FOF1-ATPase by Legionella pneumophila preserves its replication niche[END_REF] were in the manuscript. Source data files were uploaded to Github, including analysis script: https://github.com/bbi-ip/Legionella_and_ mitochondrial_ATPase.git. 
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