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Title: Tractable mammalian cell infections with protozoan-primed bacteria 
Authors, please fill out the brief questionnaire below.   
A. Will you require assistance with video microscopy, such as filming a complex dissection or microinjection technique (Y/N, please specify steps by number. Also, please list make and model of your microscope)?  No. All of our microscopic output is visualized by an AMG EVOSfl fluorescence microscope, which has a 12” LCD monitor that takes the place of oculars and an attached camera. It is possible to film what the microscope is seeing in real-time with a regular video camera. If you need to visualize cells on a hemocytometer, we would need a camera that can attach to a Fisher inverted light microscope.
B.   Does your protocol include detailed, step-by-step, descriptions of software usage (Y/N, please specify steps by number)? No
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps 

2.2, 3.3, 3.4, 3.5, 5.1, 5.2
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?
The most difficult aspect is obtaining robust infections during the priming stage. This is achieved through minimizing loss of amoeba during wash steps and media replacements. The protozoan monolayers are not adherent like what is seen with tissue culture cells and can therefore easily be removed or lost. We use a manual pipette to minimalize disruption of the protozoan monolayers.  

Introduction (Schematic Overview and Interview)

0. Schematic Overview (read by voice talent at JoVE):
0.1. The overall goal of this procedure is to harvest and quantify fluorescently tractable bacteria from an intermediary host for subsequently infection of mammalian host cells. (Intro) 
0.2. Here Legionella pneumophila (pronounced Lee-jun-ella new-MOFF-ula) expressing GFP are used to infect the natural host protozoan Acanthamoeba castellanii monolayers.
(pronounced A-cantha-meeba KAS-tel-on-E-I)
0.2.1. LAB MEDIA:50300_Cambronne_SchematicOverview.ppt (slide 1)
0.3. The L.pneumophila are then harvested by selective lysis, and the concentration of bacteria is then calculated using a formula based on fluorescence emission.

0.3.1. LAB MEDIA:50300_Cambronne_SchematicOverview.ppt (slide 2)
0.4. Dilutions of protozoan-primed bacteria are then used to infect mammalian cell monolayers.
0.4.1. LAB MEDIA:50300_Cambronne_SchematicOverview.ppt (slide 3)
0.5. Finally, the number of infectious bacteria in the mammalian cells are determined using a combination of fluorescence microscopy, flow cytometry, and plating lysates to recover colony forming units (CFU). 
0.5.1. LAB MEDIA:50300_Cambronne_SchematicOverview.ppt (slide 4)
0.6. The resulting data demonstrate a pathogenic advantage gained for the bacteria that were cultivated in protozoan cells in the priming stage when compared to the same strain that was cultivated in artificial medium.
0.6.1. LAB MEDIA:50300_Cambronne_Figure1B 
1. Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. [Cambronne] We developed this technique by observing that the expression of particular virulence factors in bacteria cannot be induced through in vitro cultivation of the organism alone. 
1.1.1. Interview style

1.2. [Cambronne] Typical infection models of cultured monolayers of cells use in vitro cultivated bacteria.   For Legionella and numerous other bacteria, however, protozoa are a natural reservoir for proliferation in which the bacterium gains a pathogenic advantage. 
1.2.1. Interview style
1.3. [Cambronne] The technique that we will demonstrate today allows for quantification of protozoan primed bacteria in order to accurately measure the contribution of a virulence factor that is only expressed in the context of an intracellular environment. 
1.3.1. Interview style
1.4. [Cambronne] Demonstrating the procedure will be three members of the laboratory who developed the methodology: Ben Doron, a research assistant, Sam Drennan, also a research assistant, and Amrita Lama, a postdoctoral fellow.
1.4.1. Inteview style
1.4.2. MED: Ben looks up from working at the bench and smiles

1.4.3. MED: Sam looks up from working at the bench and smiles

1.4.4. MED: Amrita looks up from looking through the microscope eye pieces and smiles
Protocol (read by voice talent at JoVE):
2. Preparation of Legionella pneumophila cultures for priming stage infections

2.1. Begin this procedure by using electroporation to transform all L.pneumophila strains used in the assay with the plasmid pAM239, which encodes IPTG inducible GFP. (Text overlay: IPTG= isopropyl β-D-1-thiogalactopyranoside). Incubate the bacteria for 3 hours on a shaker at 37 degrees.
2.1.1. MED:  Talent transforming bacteria by electroporation
LAB MEDIA: 50300_Cambronne_PlasmidMap  Editor- this graphic to be shown as an inset in the above shot
2.1.1B Added Shots: adding and removing culture tubes from shaker incubator
2.2
Using a spreader, streak bacteria from each transformation onto a single plate and incubate for 72 hours at 37ºC.   (Text overlay: Use iron and cysteine supplemented ACES (pronounced aces like ‘flying aces’) buffered charcoal yeast extract agar + 6.25 μg/ml chloramphenicol) 
2.1.2. CU:  Talent streaking bacteria onto an agar plate
2.1.3. MED:  Talent placing “streaked plates” into incubator (Authors note, all plates do not need to be streaked, this can be staged)
2.2. After 3 days, transfer a single colony of the bacterial strain into 3mL of medium containing 1mM IPTG and cultivate overnight to stationary phase on an orbital shaker at 37ºC. (Text overlay: supplemented ACES buffered yeast extract broth + 6.25 μg/ml chloramphenicol) 
2.2.1. CU: talent transfers colony to a tube (Note that you will need to prepare the plate of bacteria in advance so that it is ready to go on the day of the shoot)
2.2.2. MED:  Talent places the culture on an orbital shaker and turns it on

2.2.3. LAB MEDIA: 50300_Cambronne_bacterialgrowth (a graphic of bacterial growth cycle with arrow to stationary phase)
2.3. The next day transfer 10μl of the culture onto a glass slide and apply a cover slip.  Then view the slide under a microscope to confirm GFP expression using a 60x objective and the appropriate excitation and emission filters. 
2.3.1. CU:  Talent transfers culture to glass cover slide and applies cover slip

2.3.2. MED:  Talent looks through the eyepieces of microscope- glass slide is on stage.
2.4. Numerous bacterial rods should be seen that appear fluorescent green when viewed using the GFP channel of the microscope.
2.4.1. LAB MEDIA:  50300_Cambronne_Figure1Asmall frames
2.5. If all bacteria are fluorescing, prepare to infect the amoebae by diluting a 100μl aliquot of each in vitro culture to 1:10 in sterile H2O.  Make a blank using 100μl AYE medium containing 1mM IPTG, 6.25μg/ml chloramphenicol and  900ul water.  (Text overlay: See accompanying document for reagent and media recipes)
2.5.1. CU:  Talent dilutes the culture with water
2.5.2. CU:  Talent places the tube (labeled) in a tube rack and then places the blank adjacent to it (labeled blank)
2.6. Next, take OD600 measurements of the dilutions using a spectrophotometer.  
2.6.1. MED:  Talent takes OD measurements
2.7. Using the formula provided in the accompanying document, calculate the volume necessary to infect a well at a multiplicity of infection, or MOI, of 20 for each in vitro culture. (Text overlay: OD600 = 1.0 = 1 x 109 CFU.)
2.7.1. MED:  Talent using calculator to determine volume and writing calculations in notebook.
2.7.2. LAB MEDIA: 50300_Cambronne_Figure1corelation (Correlation curve)
3. Priming stage infection using Acanthamoeba castellanii 
3.1. 24 hours before starting the bacterial liquid cultures, replace the medium in the Acanthamoeba castellanii amoebae cultures. (Text overlay: See accompanying document for information regarding maintenance and cultivation of amoebae)
3.1.1. MED:  Talent working in hood replaces medium on cells.
3.1.1+ Several shots were added to demonstrate mounting and counting of amoebae on hemocytometer. Voiceover dialog was added to 3.2 below. Video Editor: It sounds like these 3.1.1+ shots should go with the 3.2 VO.
3.2. The next day, collect and count the cells using a hemocytometer. To do this, dislodge the cells by tapping the flask and transfer a sample to a 50ml conical tube. Next, mix an aliquot with the dye trypan (tri-pan) blue and load it on the hemocytometer slide. After counting the cells under a light microscope, dilute the amoebae with fresh medium to a final concentration of 1 x 106 cells/ml. 
3.2.1. MED:  Talent counting cells using hemocytometer

3.2.2. CU:  Talent dilutes the cells to the above concentration

3.3. Using a repeat pipettor, seed 12-well cell culture plates with 1 ml aliquots of the amoebae.  Incubate at room temperature overnight.
3.3.1. CU:  Talent seeds culture plates using repeat pipettor
3.3.2. MED:  Talent places the plates for incubation

3.4. [NAME] “The most difficult aspect of this procedure is obtaining robust infections during the priming stage. To accomplish this, we use a manual pipette to minimize any loss of amoeba during wash steps and medium replacements since they are not adherent and can be easily removed or lost. 
3.4.1. MED: Talent seated at hood and preparing to do the next step says the above line
3.5. After the incubation, use a 10ml serological pipette and a manual pipette-aid to wash the wells of the 12-well cell culture plates 3 times with 1ml sterile PBS. 
3.5.1. CU:  Talent washes the cells
3.6. After aspirating the PBS, add 1ml of infection medium to each well. Then, incubate the plates at room temperature for 1 hour.  

3.6.1. CU:  Talent adds medium to well

3.6.2. MED:  Talent places the plates for incubation
3.7. Next, infect each of the wells at an MOI of 20, by adding the bacterial suspension to the infection medium in each well.  Centrifuge the plate at 400 x g for 5 minutes.  After the spin, float the plate in a 37ºC water bath for 5 minutes.  Transfer the plate to a 37ºC, 5% CO2 incubator for 18 hours. 
3.7.1. CU:  Talent infects wells by adding a few microliters of bacterial suspension
3.7.2. MED:  Talent places plate in CF and closes lid – 2 takes
3.7.3. MED:  Talent places plate in water bath- 2 takes
3.7.4. MED:  Talent places plate in incubator- 2 takes
3.8. Following the incubation, use a fluorescence microscope to confirm infection.
3.8.1. MED:  Talent looks through the eyepieces of microscope- plate is on stage 

3.9. Following a successful priming step, 90% of the host cells should contain large vacuoles populated with GFP expressing bacteria, which appear as green crescents as shown in these merged phase contrast and fluorescence images. 

3.9.1. 50300_Cambronne_Figure 1A (show large frames only) Authors please note that you will need to resubmit these figures for the video as named herein and as separate images
3.10. At this time, most A. castellanii cells have achieved maximum bacterial loads, yet lysis of the population is minimal. Under light microscopy, the amoebae should appear rounded and detached. 
3.10.1. 50300_Cambronne_Figure 1Alargeframes
3.11. The dotA (pronounced “dot – A”) mutant strain, which cannot support Dot/Icm-mediated (pronounced “dot I – C - M”) translocation of effectors, should not grow in A.castellanii. Therefore, minimal fluorescence should be detected.  The amoebae will appear flat and the monolayer should be intact.
3.11.1. 50300_Cambronne_Figure 1Alargeframes
4. Processing of bacteria for target cell stage infection after the priming stage infection
4.1. Human acute monocytic leukemia or “THP-1” (pronounced “T – H – P - one”) cells, which serve as the target cells, should have been prepared on a 12-well plate as described in the accompanying document. 

4.1.1. CU:  Talent removes cells from the incubator

4.2. Wash the THP-1 cells 3x with PBS.   Then, add 1ml fresh RPMI1640 with 10% FBS to each well. Incubate THP-1 cells for 1 hour at 37ºC, 5%CO2.  

4.2.1. CU:  Talent washes the THP-1 cells and adds fresh RPMI

4.2.2. MED:  Talent places cells back in the incubator

4.3. To prepare the bacterial lysate, aspirate the medium from primed amoebae.  Then, to lyse them, add 500µl of ice cold, sterile ultra-filtered water and set on ice for 10 minutes. 
4.3.1. CU:  Talent aspirates medium and adds ice cold water

4.3.2. MED:  Talent sets plates aside for incubation
4.4. Next, pool the lysates according to strain type in 15ml conical tubes.  To determine total fluorescence, measure emission at 512 nanometers for each of the pooled lysates using a 96-well plate in a fluorescence plate reader.  
4.4.1. CU:  Talent pools lysates according to strain type

4.4.2. MED:  Talent uses plate reader (same plate reader as above)
4.5. Calculate an OD600 measurement for the pooled lysates according to the formula in the accompanying document.  Use the lysates of uninfected amoebae, subject to the same experimental conditions as the infected amoeba, to determine lysate background. 

4.5.1. MED:  Talent performing calculations (Calculator material)

4.5.2. LAB MEDIA: 50300_Cambronne_Figure1corelation (Correlation curve- show as inset in above shot)
4.6. Then for each lysate pool, calculate the volume necessary to infect a well of target cells at an MOI of 20. Keep the lysates on ice to limit any changes in bacterial gene expression before infection. 
4.6.1. MED:  Talent makes calculations and writes down results in notebook  (Lysates are sitting in a bucket of ice nearby)
4.7. Within 30 minutes of lysis, infect 3 wells of THP-1 cells per condition at the calculated MOI using the pooled lysates. Allow a set of wells to remain uninfected, serving as a negative control for flow cytometric analysis. 
4.7.1. CU:  Talent infects cells plate is labeled to indicate negative controls and samples

4.8. Centrifuge the plate at 400 x g for 5 minutes.  After the spin, float the plate in a 37ºC water bath for 5 minutes.  Transfer the plate to a 37ºC, 5% CO2 incubator for 18 hours. 

4.8.1. USE 3.7.2:  Talent places plate in CF and closes lid 

4.8.2. USE 3.7.3: Talent places plate in water bath

4.8.3. USE 3.7.4: Talent places plate in incubator
4.9. One hour post-infection, aspirate the medium and wash the wells 3 times with PBS.  This medium replacement step removes non-invasive bacteria, synchronizing the infection and reducing background fluorescence in subsequent applications.
4.9.1. CU:  Talent aspirates medium
4.9.2. CU:  Talent washes cells with PBS
4.10. Add 1ml fresh RPMI1640 containing 10% FBS to the wells and return the plate to the incubator. The time immediately after medium replacement serves as time zero. Incubate the THP-1 cells for 14-16 hours (Text overlay: 37ºC, 5%CO2)
4.10.1. CU:  Talent adds fresh medium 

4.10.2. MED:  Talent places the plate in the incubator.
5. Experimental analysis
5.1. To determine levels of infection in both the priming stage and target cell stage infections, image the infected wells using a fluorescence microscope at 10x or 20x magnification.
5.1.1. REUSE 3.7.1 talent looking through scope 

5.2. Then, to quantify target cell infection by flow cytometry, trypsinize the infected THP-1 cells and gently wash them from the wells by mixing in PBS with a pipette.   Pool the cells in 15 ml conical tubes, then centrifuge at 1,800 x g for 2 minutes.  
5.2.1. CU:  Talent trypsinizes cells

5.2.2. CU:  Talent washes them from wells 

5.2.3. MED:  Talent places tubes in CF and closes lid (tabletop cf)
5.3. After the spin, resuspend the pellets in 1ml PBS and transfer the suspension to 1.5ml microcentrifuge tubes. Spin again at 1,800 x g.

5.3.1. CU:  Talent resuspends pellets and transfers to mc tube

5.3.2. MED:  Talent places tubes in CF
5.4. If, after resuspending the pellets PBS, the resulting suspensions are highly turbid (Text overlay: OD600 ≥1.0) they must be diluted 1:3 in additional PBS to prevent clogging of the lines in the flow cytometer. 
5.4.1. CU:  Talent resuspends pellet in PBS (show example that is too turbid)
5.4.2. CU:  Talent shows example following dilution
5.5. Using uninfected target cells, plot the forward / side scatter on a flow cytometer.   Once set, collect 20,000 total events for each target cell infection samples using 488nm laser excitation and the FL1 channel.  (Text overlay:  wash between sample injections)
5.5.1. Wide:  Talent places tube in loading port

5.5.2. MED: Talent sets forward and side scatter

5.5.3. SCREEN: Talent collects samples as specified as above
5.6. After transferring the data to a separate computer for analysis, gate post-capture cell populations to exclude uninfected cells and plot fluorescence intensity in a histogram as shown here. 
5.6.1. MED:  Talent, seated at computer plotting data 
6. CFU plating

6.1. Examine the efficiency of infection by CFU plating of the cells harvested for flow cytometry.  
6.1.1. Title Screen
6.2. Prepare serial dilutions of the samples in ultra-filtered H2O at 10-1, 10-2, and 10-3.  Plate 20μl of each dilution onto 1/3 of a CYEA plate with 6.25 μg/ml cm. Incubate the plates at 37ºC for 72 hours. 
6.2.1. CU: Talent plating dilutions  
6.2.2. MED:  Talent places plates in incubator
6.3. Following the incubation, count the colonies using a toothpick and cell counter.
6.3.1. MED:  Talent counts cells
7. Representative Infection Results
7.1. To obtain a population of protozoan-primed bacteria, wild-type L.pneumophila strains induced to express GFP were used to infect A.castellanii monolayers for 18 hours at an MOI of 20.
7.1.1. Title screen

7.2. The GFP-expressing bacteria were then used to re-infect amoebae in a target cell stage infection to compare protozoan-primed bacteria with in vitro cultured bacteria. A.castellanii monolayers were incubated 18 hours at an MOI of 10.    
7.2.1. LAB MEDIA: 50300_Cambronne_Figure1B
7.3. As can be seen in these micrographs, protozoan-primed bacteria have a significant pathogenic advantage over in vitro cultured bacteria at the same MOI.
7.3.1. LAB MEDIA: 50300_Cambronne_Figure1B

7.4. To quantify the infection of target cell macrophages using protozoan-primed bacteria, PMA differentiated THP-1 macrophages were infected with wild-type L.pneumophila harvested from the protozoan priming stage infection for 14 hours 

7.4.1. LAB MEDIA: 50300_Cambronne_Figure1C

7.5. Flow cytometry was then performed to quantify infection.   As seen here, The right shift in fluorescence is a measure of total infected cells in the population. 
7.5.1. LAB MEDIA: 50300_Cambronne_Figure 1E
7.6. Increasing intensity of the fluorescence signal can be correlated with the number of bacteria per macrophage.   Fluorescence of uninfected THP-1 macrophages is shown in red and fluorescence of infected cells is shown in green.
7.6.1. LAB MEDIA: 50300_Cambronne_Figure 1E
8. Conclusion (said by authors on camera)
8.1. [Lama]: Once mastered, this technique can be done in about two weeks total if it is performed properly.
8.1.1. Interview style
8.2. [Drennan]: While attempting this procedure, it’s important to remember to treat your protozoan monolayers delicately. Manual pipetting for wash steps will greatly improve your yields of primed bacteria.
8.2.1. Interview style
8.3. [Doron]: Don't forget that working with Legionella and Acanthamoeba can be hazardous and precautions such as preventing the production of aerosols  should always be taken while performing this procedure.   
8.3.1. Interview style
Provided Media
50300_Cambronne_schematicoverview

50300_Cambronne_PlasmidMap
50300_Cambronne_bacterialgrowth
50300_Cambronne_infected cells

50300_Cambronne_Figure1corelation (Correlation curve))

50300_Cambronne_Figure 1Asmallframe
50300_Cambronne_Figure 1Alargeframe
50300_Cambronne_Figure 1B

50300_Cambronne_Figure 1C

50300_Cambronne_Figure 1E
General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

( 2010, Journal of Visualized Experiments


