Macrophage Infection Assay
Protocol by K. M. Ramsey and J. M. Wandzilak

Requirements:
Pour square plates at least 3 days prior to day of use; pour round plates at least one day prior
Have macrophage cells in culture. J774A.1 cells can be thawed the day prior to seeding.

Day 1:
Morning:
Streak out strains to use in macrophage assay (need some growth for the next day, so take this into account if any strains exhibit any growth defects on plates). 

Late afternoon/ evening:
The following steps of Day 1 should be performed in a tissue culture hood. 
Seed 96-well plate with macrophage cells
· Remove old media from 100 mm tissue culture plate
· Add 10 mL fresh media
· Scrape up cells and transfer to 15 mL conical tube
· Pellet cells at room temp for 5’ at 1.1xg
· Remove supernatant
· Add 5 mL fresh media and completely resuspend cell pellet
· Combine 25 – 50 uL of cells with same volume of trypan blue solution
· Load 10ul into a hemocytometer to determine the number of viable macrophage cells per mL (remember to account for 1:2 dilution of cells by addition of trypan blue)
· Calculation will be average number of cells counted in four squares multiplied by 2 and then multiplied by 10,000
· [bookmark: _GoBack]Dilute cells in new 15 mL conical tube with media to reach desired concentration of macrophage for seeding 96-well plate (default: 1x105 cells per mL), most assay’s testing 4 strains will need about 7mL of cell solution 
· Check diluted cell concentration by combining 50 uL cells with 50 uL trypan blue solution and measuring with hemocytometer. Should count at least 3 grids for accuracy. If concentration is wildly off, perform dilution again and re-check. 
· Aliquot 200 uL of cells to each well to be used in macrophage assay, according to setup spreadsheet (typically using 2 identical 96-well plates). Mix cells gently between every 3-4 wells (J774A.1 cells sink quickly). 
· Place 96-well plates in tissue culture incubator overnight (37°C, 5% CO2, constant humidity [water in bottom of incubator if no controlled humidity]). 
· Seed remaining cells into new 100 mm tissue culture plate if planning to perform another macrophage assay in next few weeks.


Day 2:
· Have pre-warmed media for inoculum and filter-sterilized 1% saponin in 1x PBS (need about 7 mL for day 2 and day 3)

Prepare inoculum

Theory:
Based on number of macrophage cells seeded and desired MOI, determine what OD600 to resuspend bacteria to (can use setup spreadsheet).
	Inoculum will be 50 uL
In DMEM, LVS typically contain about 5.81x109 cells/mL.
	Density of bacteria = (desired MOI)(number of macrophage per well) / 50 uL 
	OD600 needed for given density = (Density of bacteria) / 5.81x109 cells/mL
	Typically this will be a very low OD600 that cannot be accurately detected by the spectrophotometer. Plan on diluting bacteria to a density 100x greater (should be detectable by spectrophotometer), confirming the OD600, then diluting the cells 100x.

Steps:
· For each strain (labeled 1 – 4):
· Obtain and label 3 sterile 1.5 mL microfuge tubes. 
· Add 400 uL tissue culture media to sterile 1.5 mL microfuge tube (Tube R)
· Scrape up small amount of cells and resuspend completely in tube R. 
· If very dense, add more media to tube R.
· Check OD600 in tube R by diluting 100 uL into 900 uL media and using 1 mL media as blank
· Dilute resuspended cells to desired OD600 as indicated by setup spreadsheet (usually around 0.03) in a total volume of 1.3 mL in Tube D.
· Use 1 mL of this dilution (Tube D) to check the OD600
· Dilute the strains to the final desired OD600 in a new tube (Tube I) following these guidelines:
· Comparing strains to each other: If dilutions of strains to use are within 0.002 OD units of each other, dilute the same volume of each strain. 
· Comparing strains to the desired OD600: If the dilutions are less than 0.002 OD units from desired OD600, dilute 10 uL into 990 uL media. If dilutions are more than 0.002 OD units from desired OD600, calculate volume of cells to dilute to obtain final desired OD600. 

Remaining steps to be performed in a tissue culture hood used with bacteria
Prepare 96-well plate for dilutions of inoculum
· Add about 3.5 mL sterile 1x PBS to sterile reservoir
· Using 300 uL multichannel pipette, add 180 uL of 1x PBS to rows B, C, and D in columns 1, 2, 3, and 4

Infect cells
· Pull 96-well plates seeded last night from incubator
· For each strain labeled 1 – 4, add 50 uL of the inoculum to each well as indicated in the setup sheet
· Transfer 200 uL of inoculum to appropriate well in row A, column 1 – 4 based on strain label.
· Add 50 uL media to macrophage only wells
· Move 96-well plates with inoculated cells to 37°C incubator with 5% CO2 and start 2 hour timer

Dilute and plate inoculum
· Use 300uL multichannel pipette to dilute inoculum serially 1:10 down rows of the 96-well plate
Set the 300 uL multichannel pipette to the following settings:
On dial: P/M
Top value: 20 uL
Mix (bottom value): 175 uL
Cycles: 3x
Speed up: 2
Speed down: 3
Set the 100 uL multichannel to the following settings:
On dial: Pip
Value: 10 uL
Speed up: 1
Speed down: 1
Using 300 uL tips and the 300 uL pipette, use P/M setting to mix top row of inoculum, replace tips
Using P/M setting, take up 20 uL culture from row A, dispense, and mix in row B, replace tips
Using P/M setting,  take up 20 uL culture from row B, dispense, and mix in row C, replace tips
Using P/M setting,  take up 20 uL culture from row C, dispense, and mix in row D, discard tips
· Use 100uL multichannel pipette to aliquot 10 uL volumes of each dilution (in columns of 96-well plate) to the top of a square plate for track plating
· Using 100 uL tips and the 100 uL pipette:
· Transfer 10 uL of column 1 to top of square plate (labeled appropriately); hold at an angle so liquid drips down. Don’t let the liquid hit the bottom of the plate. Plates can be propped up to allow for slow movement of drips while plating continues
· Replace tips
· Repeat plating for column 1 for a total of two plates
· Repeat for all columns of inoculum; should result in 8 plates for 4 strains
· Incubate plates at 37°C for ~48 hours or until colonies can be counted


· Keep 1x PBS for washing and 7 mL media in the 37°C incubator for next steps

After 2 hours of incubation with bacteria: 
· Remove 96 well plates from the 37°C incubator 
· Add gentamycin to 7 mL of media to a final concentration of 10 ug/mL. 
· Stock of gentamycin is 50 ug/mL, so need to add 1.4 uL
· Set the 300 uL multichannel pipette to the following settings:
	On dial: Pip
	Value: 270 uL
	Speed up: 2
	Speed down: 3
· Remove media from all wells, changing tips after each well
· Add 270 uL warm 1x PBS per well to all wells
· Remove 1x PBS from all wells and wash all wells one more time with 270ul fresh warm 1x PBS 
· Add back 200ul media plus gentamycin to all wells 
· This point represents infection time = 0
· Incubate for 2 hours (37°C, 5% CO2, constant humidity)

After 2 hours of infection: 
· Remove one 96 well plate from the incubator and bring to the hood. Cells in this plate will be lysed for the 2 hour time point
· Remove media from all wells
· Wash with 250uL sterile 1x PBS 2 times (no need to warm, cells will not be maintained)
· Add 200ul of the 1% saponin solution to all wells and let incubate for 30 minutes at room temperature
· After 30 minutes use the multichannel pipette to mix the rows of the 96-well plate
· Set the 300 uL multichannel pipette to the following settings:
	On dial: P/M
	Top value: 155 uL
	Mix (bottom value): 155 uL
	Cycles: 3x
	Speed up: 2
	Speed down: 2

· Plate 50 uL from each experimental well onto round CHAH plates in duplicate (24 CHAH plates)
· Plate 100 uL from the control wells to a single plate each (2 CHAH plates)
· Incubate plates at 37°C for 48-72 hours or until colonies can be counted




Day 3: 
24 hours after infection time = 0
· Remove the second 96 well plate containing cells from the 37°C incubator
· Remove the media from all wells
· Wash with 250 uL sterile 1x PBS 2 times
· Add 200 uL of the 1% saponin solution to all sample wells and let incubate for 30 minutes at room temperature
· While waiting, prepare a 96-well plate for dilutions of lysates
· Add sterile 1x PBS to sterile reservoir
· Using 300 uL multichannel pipette, add 180 uL of 1x PBS to rows B, C, D, and E in columns all columns except 4, 8, and 12 (this will allow you to have 3 strains in a single plate in concentrations ranging from undiluted to 10-4)
Set the 300 uL multichannel pipette to the following settings:
	On dial: P/M
	Top value: 155 uL
	Mix (bottom value): 155 uL
	Cycles: 3x
	Speed up: 2
	Speed down: 3
After 30 minutes of incubation, mix top row of macrophage plate (wells A1 - A7, not control well) 
Change multichannel pipette to pipet setting
Transfer 180 uL of lysates to dilution plate (wells A1 - A7, not control well)
Change multichannel pipette back to P/M setting above
Mix second row of macrophage plate (wells D1 - D3, not strain 4 or control well)
Change multichannel pipette to pipet setting
Transfer 180 uL of lysates to dilution plate (wells D1 – D3 to wells A9 – A11, don’t transfer control well)
Perform dilutions in dilution plate
· Set the 300 uL multichannel pipette to the following settings:
On dial: P/M
Top value: 20 uL
Mix (bottom value): 175 uL
Cycles: 3x
Speed up: 2
Speed down: 3
Perform 1:10 dilutions down dilution plate, just as performed for inoculumn plate
Set dilution plate aside
Set the 300 uL multichannel pipette to the following settings:
	On dial: P/M
	Top value: 155 uL
	Mix (bottom value): 155 uL
	Cycles: 3x
	Speed up: 2
	Speed down: 2
Mix strain 4 wells in macrophage plate
Plate 50 uL from each stain 4 experimental well onto round CHAH plates in duplicate (6 CHAH plates)
Mix control wells in macrophage plate
Plate 100 uL from the control wells to a single plate each (2 CHAH plates)
Incubate round plates at 37°C for ~48-72 hours or until colonies can be counted
Set the 300 uL multichannel pipette to the following settings:
	On dial: P/M
	Top value: 155 uL
	Mix (bottom value): 155 uL
	Cycles: 1x
	Speed up: 3
	Speed down: 3
Set the 100 uL multichannel to the following settings:
	On dial: Pip
	Value: 10 uL
	Speed up: 1
	Speed down: 1
Go back to dilution plate
For each column, mix with 300 uL multichannel
Use 100uL multichannel pipette to aliquot 10 uL volumes of each dilution (in columns of 96-well plate) to the top of a square plate for track plating
· Using 100 uL tips and the 100 uL pipette:
· Transfer 10 uL of column 1 to top of square plate (labeled appropriately); hold at an angle so liquid drips down. Don’t let the liquid hit the bottom of the plate. Plates can be propped up to allow for slow movement of drips while plating continues
· Replace tips
· Repeat plating for column 1 for a total of two plates
Repeat for all columns of inoculum; should result in 18 plates for 3 strains
Incubate square plates at 37°C for ~48 hours or until colonies can be counted

Plate counting guidelines
· When counting plates, a range from 20-200 colonies is ideal 
· Typical results:
Day 4: Count inoculum plates 
Day 5: Count 2 hours and usually 24 hour square plates
Day 6: Count 24 hour round plates (maybe some square plates)
