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Summary

Characterizing cytokine production in situ is important for properly understand-
ing immunologic responses. Cytokine reporter mice are limited by the need to
cross markers into various knockout backgrounds and by availability of reporters
of interest. To overcome this, we utilize injection of brefeldin A into mice to
enable flow cytometric analysis of in situ cytokine production during a bacterial
infection. While we evaluate IFN-y production during Burkholderia thailandensis
infection, this protocol can be applied to other cytokines and other mouse
models.

For complete details on the use and execution of this protocol, please refer to
Kovacs et al. (2020) and Liu and Whitton (2005).

Before you begin

The investigator should be comfortable with any procedures involved with their particular in vivo
model. Additionally, investigators should be proficient with injecting mice via the intravenous route,
and the use of a flow cytometer with large multi-parameter capabilities (e.g., LSR II).

Key resources table

REAGENT or RESOURCE SOURCE IDENTIFIER
Antibodies

Alexa Fluor (AF) 488 rat anti-mouse CD127 (clone A7R34) BioLegend Cat# 135017
Brilliant Violet (BV) 570 rat anti-mouse CD3 (clone 17A2) BioLegend Cat# 100225
APC-Cy7 rat anti-human/mouse CD45R (clone RA3-6B2) BioLegend Cat# 103223
APC-Cy7 rat anti-mouse Ly6G (clone 1A8) BioLegend Cat# 127623
PE-Cy7 rat anti-mouse CD90.2 (clone 53-2.1) BioLegend Cat# 140309
BV650 mouse anti-mouse NK1.1 (clone PK136) BioLegend Cat# 108735
BV421 Armenian hamster anti-mouse TCRyd (clone GL3) BioLegend Cat# 118119
AF594 rat anti-mouse CD4 (clone GK1.5) BioLegend Cat# 100446
PE rat anti-mouse CD8 (clone 53-6.7) BioLegend Cat# 100708
APC rat anti-mouse IFN-y (clone XMG1.2) BioLegend Cat# 505810

(Continued on next page)
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REAGENT or RESOURCE SOURCE IDENTIFIER
Bacterial and virus strains

Burkholderia thailandensis, strain E264-1 (ATCC 700388 strain E264 Aachoui et al., 2015 N/A

that was previously passaged through Casp1~/~Casp11~/~ mice)

Chemicals, peptides, and recombinant proteins

LIVE/DEAD Fixable Blue Dead Cell Stain Kit

Thermo Fisher Scientific

Cat# L23105

Experimental models: organisms/strains

Mouse: Wild type (WT): C57BL/6J The Jackson Laboratory JAX# 000664
Software and algorithms

FlowJo (we used version 9.9.6 for all figures in this protocol but TreeStar N/A
recommend the most recent version, version 10.7)

Other

Fixation/Permeabilization Solution kit BD Biosciences 554714
Brilliant Stain Buffer BD Biosciences 563794

UltraComp eBeads Compensation Beads

Thermo Fisher Scientific

Cat# 01-2222

Materials and equipment

Extracellular antibody master mix

Antibody

Dilution factor

BV650 anti-mouse NK1.1

BV570 anti-mouse CD3

BV421 anti-mouse TCRyd

AF488 anti-mouse CD127

PE-Cy7 anti-mouse CD90

APC-Cy7 anti-mouse Ly6G
APC-Cy7 anti-human/mouse CD45R
AF594 anti-mouse CD4 (optional)
PE anti-mouse CD8 (optional)

1:80
1:40
1:40
1:320
1:400
1:1280
1:320
1:400
1:160

Diluent

Volume per sample

Brilliant Stain Buffer
FACS Buffer

50 pL

Add until total volume is 100 pL

Note: CD4 and CD8 antibodies are included as optional because these antibodies did
provide adequate delineation of CD4 and CD8 T cell populations, the fluorophore-marker

combinations were not optimized, resulting in minor compensation issues. See Expected

outcomes for more details.

Note: All sample data included in figures in this protocol used FACS buffer as diluent without

Brilliant Stain Buffer added. However, we recommend using Brilliant Stain Buffer in this panel

or any other panel that utilizes multiple Brilliant Violet dyes to avoid potential nonspecific

staining due to aggregation of these dyes that could affect your interpretation of your data.
FACS buffer should be used when your panel includes one or fewer Brilliant Violet or other

polymer-based dyes.

Intracellular antibody master mix

Antibody Dilution factor
APC anti-mouse IFN-y 1:400
Diluent BD Biosciences Perm/Wash buffer

Total volume (per sample)

100 pL
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ACK lysis buffer recipe

Reagent Final concentration Amount
NH,4CI 150 mM 401g
KHCO3 10 mM 05g
NaEDTA 0.1 mM 18.6 mg
H,O N/A 500 mL
Total N/A 500 mL

Titrate pH to 7.2-7.4; Store at room temperature (25°C-27°C)

FACS buffer

Reagent Final concentration Amount
EDTA (0.5 M) 4 mM 4 mL
Bovine serum albumin (BSA) 0.5% 25¢g
PBS N/A 496 mL
Total N/A 500 mL

Store at 4°C

Step-by-step method details
Prepare bacterial inoculum

O Timing: 2-3 days

For this protocol, we will describe staining for in situ cytokine production by lymphocytes during Bur-
kholderia thailandensis infection. The inoculation protocol should be adjusted to fit the infection or
treatment protocol of interest.

1. Grow a bacterial culture.
a. Two to three days prior to infection, streak out Burkholderia thailandensis from frozen stock
onto a Luria-Bertani (LB) plate, and grow for one to two days at 37°C.

Note: Plates of streaked B. thailandensis can be stored for up to a week at 4°C.
b. Inoculate a 1.5 mL liquid LB culture with a single colony and grow for 16 h at 37°C in a shaking
incubator to achieve stationary phase.

00 Pause point: If mice will not be infected immediately at the end of this 16 h incubation, place
the bacteria on ice until ready to infect mice.

2. Prepare the inoculum.
a. Pellet the 1.5 mL liquid culture of bacteria by spinning in a microcentrifuge at 3,000 x g for
1 min.
b. Remove the supernatant and resuspend in 1 mL PBS to wash the bacteria. Spin at 3,000 x g for
1 min. Repeat for a total of two PBS washes. Resuspend in 1 mL PBS.
c. Estimate the concentration of bacteria using an OD¢qg as determined using a spectrometer.
i An ODggg of 1.00 is approximately 1 x 10? CFU/mL of B. thailandensis. The relationship be-
tween OD¢qo and CFU is approximately linear below ODgqg of 1.00. Dilute the bacteria until
its ODgqo is less than 1.00.
i Calculate concentration using the following equation:

Concentration (in CFU/mL) = ODgoo X 1 x 107 CFU/mL x dilution factor

d. Dilute the inoculum with PBS to 2 x 107 CFU per 200 pL (the volume for each inoculum injection).

STAR Protocols 2, 100244, March 19, 2021 3
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e. Verify inoculum via spot dilution plating.

i Create a total of eight (including undiluted) 1:10 serial dilutions of the inoculum in PBS.

i Plate 10 pL of each dilution in triplicate on an LB plate using a spot plating method (or plate
100 pL if using a whole plate method).

i Incubate overnight (14-16 h) at 37°C.

iv Looking at the dilution which has approximately 10-50 colonies per spot, count and average the
number of colonies per spot.

v Calculate actual inoculum using the following formula:

Inoculum (in CFU/mouse) = average # colonies x dilution factor x 20

Infect and treat mice with brefeldin A
O Timing: 1 day

We next infect the mice and, after waiting enough time to allow immune responses to establish,
treat mice with the Golgi blocker brefeldin A (BFA). Since most cytokines are processed and
secreted through the classical secretory pathway that passes through the Golgi apparatus, BFA
prevents the secretion of cytokines, causing their accumulation within the immune cells for even-
tual detection by flow cytometry. Thus, treating mice with BFA allows for the evaluation of in situ
cytokine production without requiring the use of reporter mice. Consequently, mice of any genetic
background can be used, allowing the evaluation of the effects of knocking out genes on cytokine
production without prior crossing of knockout mice onto a reporter background. For example, we
successfully evaluated cytokine production in both wild type and Rag?~'~ mice (Kovacs et al.,
2020).

Our timings for this experiment were based on known kinetics of B. thailandensis infection in wild
type mice. The time point in each mouse model will vary, but the timing of injecting BFA 6 h prior
to euthanizing the mice is important to allow for adequate accumulation of cytokines within cells.

3. Inject mice intraperitoneally with 200 pL of the inoculum created in step 2. Uninfected control
mice should be injected with 200 uL of PBS as a mock infection.

4. Twelve hours after infection, treat mice with BFA.
a. Dilute BFA stock.
i BFA stock should be reconstituted in DMSO to a concentration of 20 mg/mL.

Note: BFA stock can safely be stored at —20°C for at least a year.

ii Further dilute working solution to 0.5 mg/mLin PBS. Keep this solution at room temperature
(RT; 25°C-27°C) in order to avoid injecting a large volume of cold liquid into the mice. Do
not reuse working solution.

b. Inject 500 uL of working solution of BFA intravenously into the tail vein of both infected and
uninfected mice.

Note: This volume was used in the original publication by Liu etal. (Liu and Whitton, 2005). We
did not attempt to optimize the injection volume, as this volume worked for our studies. Con-
siderations include whether the volume used enhances BFA exposure throughout the body or
reduces cytotoxic effects by dilution of BFA (Troubleshooting 2).

5. Six hours after injecting BFA, euthanize mice and promptly harvest spleens per your institution’s
animal guidelines. Keep spleens in PBS and on ice until all samples are ready to process.
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Bacterial inoculum: Uninfected 10* CFU 2x107 CFU
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Figure 1. Choosing correct experimental conditions and timing is essential for observing robust cytokine signal
When infecting with a large bacterial inoculum (2 x 10" CFU), a robust IFN-v signal is observed at 18 h post infection.
When using smaller bacterial inoculum (10* CFU), IFN-v signal is similar to background levels at 18 h post infection, a
time point at which infection with this lower inoculum has already been cleared.

Alternatives: While keeping the spleens in PBS is sufficient over a short duration when harvest-
ing spleens and immediately proceeding to the next steps, consider keeping spleens in
serum-free media such as DMEM for longer durations to avoid loss of cell viability. Cells
can be maintained in this media until RBC lysis.

Note: Until cells have been fixed, cells are still alive and actively producing cytokines, albeit in
a manner no longer reflective of the in situ setting. While the cell populations and their cyto-
kine productions are likely stable at this point for a short period, it is advisable to proceed to
the next steps through cell fixation (step 27) as soon as possible.

A CRITICAL: The exact timing of these injections will depend on the infection and model
being tested. In this case, we have optimized the time points of our infection (18 h total
infection time) to view cytokine production during innate immune responses to
B. thailandensis with a infective dose of 2 x 10’ CFU. Indeed, if the inoculum of
B. thailandensis is lowered to 1 x 10* CFU in wild type mice, the infection is cleared faster
and we think that cytokine production returns to baseline by 18 h post infection, resulting
in a lack of staining (Figure 1, compared to robust IFN-y signal in Figure 2). Thus, it is
important to optimize the timing of your BFA injections and tissue harvests for your spe-
cific model (Troubleshooting 1).

Create a single cell suspension of splenocytes

® Timing: 2 h
We next need to create a single cell suspension so that we can stain them for flow cytometry.

6. Place the spleen on a 70 micron cell strainer fitted on top of a 50 mL conical tube.

7. Using the plunger of a 1 mL syringe, gently press the spleen against the strainer to mechanically
disrupt the tissue. Continue until the only remaining tissue on the strainer is white and fatty in
texture, occasionally adding PBS to ensure that the tissue and cells do not dry out.

8. Wash the remaining cells off the strainer and into the underlying 50 mL conical using 10 mL of
PBS. Dispose of the strainer and add PBS to the conical for a total volume of 30 mL.

Alternatives: If you are interested in immune cells present in other organs, the processing pro-

tocol may differ. Analogous procedures can be used forimmune cell-dense organs like lymph
nodes; however, more fibrous organs will likely require additional steps such as more intense
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Figure 2. Analysis of flow cytometric data

(A) Gating strategy used to characterize what cell types constitute the IFN-y-producing cells. Italicized labels indicate
what cell population is being gated.

(B) Representative results at 18 h post infection with 2 x 10’ CFU B. thailandensis.

(C) Representative results demonstrating gating of ILC1s within the CD37NK1.1" subset.

(D) Representative results demonstrating TCRyd and CD4 and CD8 subpopulations of the CD3"NK1.1~ subset when
including the optional CD4 and CD8 antibodies. Panels from this figure are reused with permission from all authors
from our previously published paper (Kovacs et al., 2020).

physical manipulations and/or treatment with proteases like collagenase. For example, see
the methods section of (Weizman et al., 2017) for descriptions of how to process mouse liver
and lungs.

9. Spin the cells at 800 x g, 4°C, for 10 min using a standard centrifuge.
10. Discard the supernatant and resuspend in 5 mL of ACK RBC lysis buffer. Incubate on ice for
5 min.
A CRITICAL: The timing of incubating your cells for 5 min is important to avoid potential loss

of cell viability (Troubleshooting 2).
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11. Add 35 mL of PBS to stop lysis. Spin at 800 x g, 4°C, for 10 min using a standard centrifuge.

12. Discard the supernatant and resuspend in 5 mL of PBS.

13. Filter through a new 70 micron cell strainer fitted on top of a new 50 mL conical to remove ag-
gregates of dead cells that formed after lysis.

14. Key step: Count cells using a cell counter or hemocytometer and record the data. These counts
will be used to aliquot for staining in the next steps as well as for calculating absolute counts of
subsets in the final analyses.

Alternatives: If you desire to localize the cells that are producing cytokine within the organ,
you can instead fix the spleen in 4% PFA and perform immunofluorescent staining using an
analogous protocol published by Mazet et al (Mazet et al., 2019).

Stain splenocytes and perform flow cytometric analysis
O® Timing: 2 days

We next stain our cells for flow cytometry. Under normal circumstances (without BFA treatment),
most cytokines are synthesized and promptly secreted by the cell. This causes the total pool of cyto-
kine protein within the cell to be very low, despite high transcription and translation. Brefeldin A halts
intracellular vesicle formation and transportation of proteins from the endoplasmic reticulum to the
Golgi apparatus, inhibiting the secretory pathway and resulting in accumulation of translated pro-
teins within the cell. This greatly increases the sensitivity of detection with antibodies specific for
the cytokine of interest.

15. Plate 1-2 x 10° cells in 200 uL PBS for each mouse into a well on a polypropylene, round-bottom
96-well plate.
16. Prepare a well for a live/dead (L/D) compensation tube.
a. Take 1 to 2 million splenocytes and split into two Eppendorf tube.
b. Heatshock one of the tubes by heating it at 55°C for 5 min followed by 2 min onice. The other
tube should remain on ice the entire time.
c. Mix the cells from the two Eppendorf tubes together and plate onto the sample plate. This
ensures that the compensation tube will have sizable populations of both live and dead cells
to serve as positive and negative compensation controls.

Alternatives: Instead of using cells for L/D compensation, you can use amine reactive beads
(for example, see Arc Amine Reactive Compensation Bead Kit (cat# A10628) from Thermo
Fischer). If using these beads, you can make this compensation tube alongside the other
compensation tubes in step 34.

17. Centrifuge the plate at 450 X g, RT, for 5 min. Discard the supernatant.

18. Resuspend each well with 200 pL of PBS. Centrifuge the plate at 450 x g, RT, for 5 min and
discard the supernatant.

19. Resuspend each well with 100 L of L/D stain in PBS for 20 min at RT in the dark
a. To make L/D stain, add 1 plL of L/D stock per 1 mL of PBS

20. Add 100 pL FACS buffer to each well. Centrifuge the plate at 450 x g, RT, for 5 min and discard
the supernatant.

21. Resuspend each sample in 100 pL of extracellular staining master mix, and the L/D compensa-
tion well in 100 pL of PBS. Stain for 30 min at RT in the dark.

22. Add 100 pL of FACS buffer to each well. Centrifuge the plate at 450 x g, RT, for 5 min and
discard the supernatant.

23. Resuspend each well with 200 uL of FBS buffer. Centrifuge the plate at 450 x g, RT, for 5min and
discard the supernatant.

24. Add 100 pL of BD Biosciences Fix/Perm to each well. Incubate at 4°C for 20 min in the dark.

STAR Protocols 2, 100244, March 19, 2021 7
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Note: Depending on the cytokine being stained, this fix/perm step may need to be extended
to 45 min to 1 h to get optimal intracellular staining of the cytokine. For IFN-y, we found that
20 min was sufficient (Troubleshooting 1).

25. Add 100 pL of BD Biosciences Perm/Wash buffer to each well. Centrifuge the plate at 1,250 X g,
4°C, for 5 min and discard the supernatant.

26. Resuspend each well with 200 plL of BD Biosciences Perm/Wash buffer. Centrifuge the plate at
1,250 x g, 4°C, for 5 min and discard the supernatant.

27. Resuspend each well with 200 uL of BD Biosciences Perm/Wash buffer.

00 Pause point: Once all cells have been fixed, samples can be stored at 4°C in the dark over-
night in the Perm/Wash buffer. Intracellular staining can be resumed the following day with no
significant change in staining.

28. Centrifuge plate at 1,250 x g, 4°C, for 5 min and discard the supernatant.

29. Resuspend each sample in 100 pL of intracellular staining master mix and the L/D compensation
well in 100 pL of BD Biosciences Perm/Wash buffer. Stain for 1 h at 4°C in the dark.

30. Resuspend each well with 100 plL of BD Biosciences Perm/Wash buffer. Centrifuge the plate at
1,250 x g, 4°C, for 5 min and discard the supernatant.

31. Resuspend each well with 200 pL of FBS buffer. Centrifuge the plate at 1,250 x g, RT, for 5 min
and discard the supernatant.

32. Resuspend in 200 plL of FACS buffer. Transfer to a flow tube with a filter.

33. Prepare compensation tubes.
a. Add 1 pL of antibody to 1 drop of UltraComp eBeads Compensation Beads.

Note: These beads can bind mouse, rat, and hamster-derived antibodies, which works with all
antibodies used in the panel included in this protocol. However, if you use different antibodies
in your panel, ensure that the beads are compatible with all antibodies being used. Beads
compatible with antibodies derived from other species are also commercially available. Alter-
natively, if enough cells present the marker for the antibody, you can stain splenocytes with
the antibody alone to use as a compensation tube.

b. Vortex briefly.

c. Incubate at RT in the dark for 15 min.

d. Add 150 plL of FACS buffer and centrifuge at 450 X g.

e. Resuspend in 200 pL of FACS buffer and transfer to a flow tube.

Note: For conventional flow cytometry (such as the flow we performed using an LSRII), beads
offer an easy way to generate compensation samples that usually result in accurate compen-
sation. However, if using a full spectrum flow cytometer, then the slight differences between
fluorescent spectra of fluorophores on beads compared to cells could result in unmixing er-
rors. Thus, these users will need to determine if there are any differences between single color
controls using beads and cells, and they should use cells as compensations controls if there is a
difference.

34. Keep samples at 4°C in the dark until ready to run on a flow cytometer.
35. Run samples through flow cytometer.
36. Analyze results using FlowJo.

Expected outcomes

If successful, using the gating schema displayed in Figure 2A, only minimal amounts of cytokine
staining will be detected in uninfected controls, which represents the basal level of cytokine
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production (Troubleshooting 3). A robust signal should be detected from the infected mice where
cells are strongly producing cytokine (Figure 2B). Frequency of cells can be determined directly
from flow cytometry analyses. The gating schema used will enable analysis of T cells (CD3™), NK cells
(CD37NK1.17CD1277), and ILC1s (CD37NK1.1*CD127"CD9%0* or CD3"NK1.1"CD127*CD90")
(Figures 2A-2C). Gamma-delta T cells can also be identified within the CD3" population (Figure 2D).

We have also expanded the panel with CD4 and CD8 (see optional antibodies), allowing the iden-
tification of CD4 and CD8 T cells within the CD3™ population. While compensations issues begin to
appear since we did not optimize the fluorophore-marker combinations in the panel expanded to
include CD4 and CD8, we include these antibodies in this protocol as an option since they were suf-
ficient to delineate the CD4 and CD8 populations (Figure 2D). Further optimization of which fluoro-
phore is assigned to each marker can be done to avoid these compensation issues.

Quantification and statistical analysis

Frequency is calculated using FlowJo analysis software. In addition to frequency, absolute counts for
each population being examined should be calculated. This calculation is important because differ-
ences in frequency can result from either changes in that population of cells (e.g., more NK cells are
present in the spleen) or changes in the other populations (e.g., fewer T cells will make NK cell fre-
quency increase). Absolute counts allow determination of the causes of changes in frequencies. This
can easily be performed by multiplying the total splenocyte count determined immediately after
forming the single cell suspension for each sample (see step 14) by the frequencies of each gate
used to gate on the population. For example, to calculate absolute number of NK cells in the spleen
that produce IFN-y using the gating from Figure 2A, we did the following:

Absolute # of NK cells producing IFN — y in spleen =

5.75 x 107 splenocytes x 0.976 (singlet freq) x 0.62 (lymphocyte freq) x 0.822 (live cell freq)

x 0.286 (non — excluded cell freq) x 0.0234 (IFN — v — producing cell freq) x 0.618 (NK cell freq)

=1.18 x 10° NK cells

Using the “Frequency of Total” statistic in FlowJo for a given population, this equation can be simpli-
fied to:

Absolute count = splenocyte count x Freq of Total (for given population)

Limitations

BFA is a Golgi blocker that inhibits the secretory pathway. This has several implications. First, BFA
only inhibits release of cytokines that go through the secretory pathway. Members of the IL-1 family
(e.g., IL-1B, IL-18, IL-33) do not encode a secretion signal, are stored in the cytosol, and are released
by cell lysis or membrane permeabilization rather than through the secretory pathway (Dinarello,
2017). Therefore, this methodology will not assess release of these cytokines. Indeed, it would
give the opposite result: positive staining would indicate the lack of release of IL-1 family members.
Similarly, some cell types contain pre-formed cytokine notintended forimmediate release. Notably,
this includes mast cells which store pre-formed TNF until another stimulus promotes its release (Mu-
kaietal., 2018). Neither the methodology reported here nor the use of cytokine reporter mice will be
able to differentiate the pre-formed cytokine from cytokine that is created and immediately secreted
on demand.

Second, release of cytokines, chemokines, and other proteins is important for a diverse array of im-
mune functions. Thus, adding BFA likely alters kinetics and dynamics of infections and immune
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responses. However, these effects of BFA could be minimized by only treating mice with BFA after
the immune response to be studied has had time to establish and by limiting the treatment time with
BFA to 6 h.

In addition, as a Golgi blocker, BFA can be toxic to cells. It is therefore important to monitor for cell
death using live/dead markers. In our B. thailandensis infection model, BFA toxicity appears mini-
mal. However, it is possible that some populations of cells may be more sensitive to BFA in other
murine models, which could result in a selective loss in that population that may be difficult to detect
unless that particular cell type was specifically examined.

Finally, sensitivity for detecting a cytokine response will be limited by the robustness of the cytokine
response, the size of the population being looked at, and the accessibility of the tissue to blood flow
(and therefore to the BFA that is injected intravenously). Low prevalence of responding cells could
be particularly apparent when examining non-lymphoid tissues. This could be rectified by enriching
for immune cells and removing stromal cells. Furthermore, this is a limitation that likely affects this
BFA method of assessing in situ cytokine production more than the use of a reporter mouse. The
fluorophores used in reporter mice often have longer half-lives than those of cytokines, meaning
that more can accumulate within individual cells (Bouabe, 2012; Corish and Tyler-Smith, 1999;
Mohrs et al., 2001). This increases the signal and improves the sensitivity of the reporter mice
compared to BFA-treated mice (at the cost of being less able to resolve cytokine secretion that
occurred over shorter periods of time).

Troubleshooting
Problem 1
No cytokine signal

Potential solution

Optimization may be required for each model to determine the time point that maximizes the likeli-
hood for capturing a cytokine signal. With the proper timing, this protocol can be easily applied to a
diverse array of models. The main stipulations are that you wait a sufficient amount of time to estab-
lish an immune response prior to BFA injection to minimize the effect of BFA on the immune
response (see Limitations for more details), and you treat mice with BFA for approximately 6 h imme-
diately prior to harvesting the mouse.

Another potential cause of a lack of cytokine signal is that BFA does not always efficiently block cyto-
kine secretion. In these cases, another Golgi blocker, monensin, may be more successful at inhibiting
secretion of the cytokine. Indeed, Sun et al. reported successfully treating mice intravenously with
0.5 mg of monensin in 500 puL of PBS instead of BFA to successfully visualize IL-10 production
(Sun et al., 2009). For reference on which cytokines are known to be efficiently inhibited by brefeldin
A versus monensin, see the Cytokine Detection subsection of the Techniques section on the
following website: https://www.bdbiosciences.com/us/applications/research/intracellular-flow/.

Finally, while we found 20 min fix/perm (step 24) was sufficient for staining of IFN-y, this duration of
time may be insufficient for other cytokines. Thus, consider extending the fix/perm step up to 45 min
or1h.

Problem 2
Low cell number

Potential solution

If this is accompanied by excessive cell death per the live/dead staining, this could have resulted
from lysing too long with ACK buffer. Large clumps forming after treatment with ACK buffer could
suggest this as a culprit. In this case, ensure samples do not remain in ACK buffer too long. If working
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with many samples, lyse only a small group at once and then proceed to next group once PBS has
been added to ACK-treated samples to stop reaction. Alternatively, using too high of a concentra-
tion of BFA for too long may result in cell toxicity. In this case, lower concentration of BFA used or see
if treating mice with BFA for a shorter duration reduces cytotoxicity without significantly reducing the
signal of your cytokine.

If low cell numbers are not accompanied by excessive cell death, this could have resulted from
plating the wrong number of splenocytes per well for staining or loss of cells during washing steps
(e.g., aspiration of pellet). Verify that you are correctly counting the number of splenocytes obtained
and correctly calculating the volume of cell suspension to add into each well for staining.

Lastly, some mouse lines deficient in lymphocytes, such as Rag1~/~, do not have many splenocytes.
Therefore, a low cell count may be expected for these mouse lines. In these cases, the goal is to
collect and analyze as many cells as possible.

Problem 3
High background signal for cytokine in uninfected control

Potential solution

Even if you utilize the optimized dilutions suggested for antibody master mix included in this proto-
col, batch variation could cause increased background for a given amount of antibody used. There-
fore, titrate the antibody to determine the best concentration to use. In addition, utilize a fluorescent
minus one (FMO) control in which you stain with all of the antibodies in the panel except for the one
with which you are having trouble. This will enable you to see if there is a compensation issue that
needs to be corrected as well as improve your gating strategy by allowing more accurate discrimi-
nation between positive and negative signals.

Resource availability

Lead contact

Further information and requests for resources and reagents should be directed to and will be ful-
filled by the Lead Contact, Dr. Edward Miao, edward.miao@duke.edu.

Materials availability
The bacteria strain used in this paper is available upon request to lead contact.

Data and code availability
This paper did not generate any new datasets or code.
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