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Abstract

Antimicrobial susceptibility testing is the mainstay of tuberculosis drug development programs. In 

this chapter we describe methods for determination of the minimum inhibitory concentration of 

compounds against Mycobacterium tuberculosis growing in liquid media as a function of carbon 

source, detergent and environmental stress imposed by acidic pH as well as reactive nitrogen 

intermediates. Methods for determining the effect of bovine serum albumin in the growth medium 

on antimicrobial susceptibility are also described. Finally, we provide a method for antimicrobial 

susceptibility testing on agar medium.
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1. Introduction

The goal of current drug discovery efforts for tuberculosis is to accelerate the decline 

in global incidence of this disease by developing regimens that are superior to frontline 

and second line drug combinations in terms of safety and duration of treatment while 

remaining affordable and less prone to the development of drug resistance in the face of 

non-adherence. Whole cell screening against Mycobacterium tuberculosis has been key to 

the discovery of all drug candidates in the tuberculosis drug discovery pipeline over the 

last few decades. Several drug discovery efforts have attempted to recapitulate aspects of 

in vivo pathogenesis of the organism that were deemed as critical for the replication or 

survival of the pathogen in humans including growth in macrophages [1–3], survival at 

acidic pH [4], hypoxia [5], biofilm formation [6], nutrient starvation [7], growth on fatty 

acids [8–10], glucose, cholesterol [1], multi-stress conditions [11], as well as growth under 

nutrient rich conditions [12,13]. The importance of recapitulating in vivo relevant growth 

conditions was emphasized by the discovery of several hits that lacked in vivo efficacy due 

to the dependence of the mechanism of activity on glycerol metabolism [13,14], a carbon 

source only available to the organism in the form of glycerol-based host lipids. In all these 
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studies, compounds were screened under the in vivo relevant conditions, hits validated by 

dose titration with subsequent determination of minimum inhibitory concentrations (MIC) of 

those hits that inhibited growth of the bacillus.

Determination of MIC values is critical in developing structure-activity relationships (SAR) 

of scaffolds discovered in such screens, to guide further biological evaluation of the 

compounds and to understand mechanism of action. Interpretation of whole cell SAR is 

driven not only by target-based SAR but also differences in uptake, efflux, metabolism and 

protein binding. Biological evaluations of growth inhibitors to understand mechanism of 

action are in turn, always interpreted as a function of MIC values. In this respect, the MIC 

value is dependent on the growth condition, for example, the concentration that inhibits 

full growth of the bacillus can depend on nutrient sources as well as the physical state of 

the medium (liquid versus agar). The determination of MIC values on solid media is often 

overlooked in drug discovery studies. However, this is an important consideration since agar 

MIC values, important information for generation of resistant mutants on solid media, do not 

always correspond to MIC values observed during growth in liquid media [15].

This chapter describes methods for the determination of MIC values during growth on 

different in vivo relevant carbon sources as well as restriction of growth imposed by 

acidic pH combined with nitrosative stress. In vivo relevant carbon sources include glucose, 

cholesterol and fatty acids. The nitrosative stress used in our methods is derived from 

reactive nitrogen intermediates formed by acidified nitrite [16]. The methods in this chapter 

describe a limited set of growth readouts but these assays can readily be adapted to other 

established measurements of mycobacterial growth [17]. In addition, methods to explore the 

role of detergent effects are described since the MIC values of several compounds including 

rifampicin and QcrB-targeting imidazopyridines, are significantly affected by the presence 

and type of detergent in the medium. The relevance of detergent effects in tuberculosis 

drug discovery are outside the scope of this discussion. In this chapter, we provide methods 

for understanding the effects of the non-hydrolyzable detergent, Tyloxapol, as opposed to 

Tween 80 which is hydrolyzed by the mycobacterium to generate the carbon source, oleic 

acid. Growth of M. tuberculosis to yield suspensions amenable for growth inhibition assays 

necessarily require use of detergent to generate homogenous cell suspension. However, it 

should be noted that a detergent-free MIC assay has been described [18]. Our experience is 

also that the presence of bovine serum albumin (BSA) in the medium may dramatically 

affect MIC values. Although the effect of protein binding is complex and difficult to 

interpret in drug discovery with examples of highly protein-bound compounds being in 
vivo efficacious compared to analogs with lower protein binding [14], we simply provide 

a method to explore the effect of BSA binding on MIC since the SAR can often be 

accentuated in the absence of BSA in the medium. Synthesis of analogs that overcome 

the protein binding to such an extent as to allow sufficient target engagement remains 

empirical. Finally, we include methods for the determination of MIC values of compounds 

on agar medium. The reader is however, encouraged to read previous descriptions of MIC 

determination on solid medium [17].

The MIC value in our methods is taken as the concentration of compound that leads 

to complete growth inhibition. However, for the assays that measure fluorescence or 
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absorbance readouts, the concentration that leads to 50, 90, and 99 % growth inhibition 

can be calculated as previously described [17]. The frontline anti-tubercular drugs show 

little variation in MIC as a function of carbon source. However, rifampicin is affected 

by detergent composition of the medium showing a 10-fold lower MIC value when using 

Tween 80 as detergent compared to Tyloxapol (see Table 1). Rifampicin also has a lower 

MIC value in the absence of BSA. The stability of compounds in the medium over the 

duration of the assay as well as to metabolism by the bacillus will affect interpretation and 

the understanding of the MIC values. A discussion of this is outside the scope of this chapter 

but the measurement of parent compound concentrations remaining in the assay will greatly 

facilitate the understanding of the SAR of analogs with inexplicable absence of whole cell 

activity.

2. Materials

All aqueous solutions are made with distilled deionized water. Media for cultivation of cells 

need to be filter sterilized or autoclaved as described. Dimethyl sulfoxide (DMSO) does 

not need to be filter sterilized although DMSO source bottles are reserved for cell culture 

purposes only and preferably dispensed in a biosafety cabinet. All work with M. tuberculosis 
will be done in a biosafety cabinet according to institutional guidelines.

2.1 Preparation of inoculum

1. Mycobacterium tuberculosis H37Rv (ATCC 27294), M. tuberculosis 
pMSP12::GFP (Addgene) or other strain (see Note 1).

2. 7H9/ADC/Tween 80 broth: Dissolve 4.7 g Middlebrook 7H9 broth base (Difco), 

2 mL glycerol (add with a 3-mL sterile syringe) and 0.5 mL Tween 80 (add with 

a 1-mL sterile syringe) in 900 mL water (see Note 2). Aseptically add 100 mL 

albumin-dextrose complex (ADC) and filter sterilize (0.2 μm filter) (see Note 3). 

ADC is made by mixing 50 g BSA fraction V (low heavy metals), 20 g glucose, 

8.1 g NaCl in 1 L water. The ADC is filter sterilized (0.2 μm filter) and stored at 

4 °C.

3. 7H9/Glucose/BSA/Tyloxapol broth: Mix 4.7 g Middlebrook 7H9 broth base, 4 

g Glucose, 5 g BSA fraction V (low heavy metals), 0.81 g NaCl, and 0.5 mL 

Tyloxapol (add with a 1-mL sterile syringe) (see Note 2) in 1000 mL water. The 

medium is filter sterilized (0.2 μm filter) and can be stored at room temperature 

for 2 weeks.

4. 7H9/dipalmitoyl phosphatidylcholine (DPPC)/cholesterol/BSA/Tyloxapol broth: 

Mix 4.7 g Middlebrook 7H9 broth base, 5 g BSA fraction V (low heavy metals), 

0.81 g NaCl in 1000 mL water. Make a 10 mg/ml stock of DPPC in ethanol. It 

will dissolve at room temperature upon vortexing. Add 500 μL of this solution to 

the broth base giving a final DPPC concentration of 5 μg/mL. To 1 mL ethanol 

add 500 μL Tyloxapol, heat at 70 °C. Then add 24 mg cholesterol and heat again 

until completely dissolved. Add this solution to the 1 L medium described above 

and filter sterilize (0.2 μm filter). This carbon source medium needs to be kept at 

37 °C and used within 24 hours.
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5. 7H9/Glucose/BSA/Tween 80 broth: Mix 4.7 g Middlebrook 7H9 broth base, 4 

g Glucose, 5 g BSA fraction V (low heavy metals), 0.81 g NaCl, and 0.5 mL 

Tween 80 (add with a 1-mL sterile syringe)(see Note 2) in 1000 mL water. The 

medium is filter-sterilized (0.2 μm filter) and can be stored at room temperature 

for 2 weeks.

6. 7H9/cholesterol/BSA/Tyloxapol broth: Mix 4.7 g Middlebrook 7H9 broth base, 5 

g BSA fraction V (low heavy metals) and 0.81 g NaCl in 1000 mL water. Gently 

warm this medium to 37 °C. To 1 mL ethanol add 500 μL Tyloxapol, heat at 70 

°C. Then add 96 mg cholesterol and heat again until completely dissolved. Add 

this solution to the 1 L prepared medium and filter sterilize. This carbon source 

medium needs to be kept at 37 °C and used within 24 hours.

7. 7H9/DPPC/casitone/Tyloxapol: Mix 4.7 g Middlebrook 7H9 broth base, 0.3 g 

Bacto casitone, 0.81 g NaCl, and 0.5 mL Tyloxapol (add with a 1-mL sterile 

syringe) (see Note 2) in 1000 mL water. Make a 14 mg/mL stock of DPPC 

in ethanol. It will dissolve at room temperature upon vortexing. Add 1000 μL 

of this solution to the broth giving a final DPPC concentration of 14 μg/mL. 

Filter sterilize (0.2 μm filter) and, although less susceptible to precipitation than 

cholesterol media, should be used within a week.

8. 7H9/cholesterol/BSA/Tween 80 broth: Mix 4.7 g Middlebrook 7H9 broth base, 5 

g BSA fraction V (low heavy metals) and 0.81 g NaCl in 1000 mL water. Gently 

warm this medium to 37 °C. To 1 mL ethanol add 500 μL Tween 80 (see Note 

2), heat at 70 °C. Then add 96 mg cholesterol and heat again until completely 

dissolved. Add this solution to the 1 L medium and filter sterilize. This carbon 

source medium needs to be kept at 37 °C and used within 24 hours.

9. 7H9/glucose/casitone/Tyloxapol medium: Mix 4.7 g Middlebrook 7H9 broth 

base, 4 g glucose, 0.3 g Bacto casitone, 0.81 g NaCl, and 0.5 mL Tyloxapol 

(add with a 1-mL sterile syringe) (see Note 2) in 1000 mL water. The medium is 

filter-sterilized (0.2 μm filter) and can be stored at room temperature for 2 weeks.

10. 7H9/butyrate/Tyloxapol (pH = 6) medium: Dissolve 4.7 g Middlebrook 7H9 

broth base, 230 μL butyric acid (giving a final butyrate concentration of 2.5 

mM), 5 g BSA fraction V (low heavy metals), 0.81 g NaCl and 0.5 mL 

Tyloxapol in 1000 mL water. The pH of the medium should be 5.95. If the 

pH is not around 6, either 6 M HCl or 6 M NaOH is added to adjust the pH 

to 6.0. The medium is sterilized by filtration through a 0.2 μm filter and can be 

stored at room temperature for 2 weeks.

11. 7H9/butyrate/nitrite/Tyloxapol (pH = 6) medium: Dissolve 4.7 g Middlebrook 

7H9 broth base, 230 μL butyric acid (giving a final butyrate concentration of 

2.5 mM), 5 g BSA fraction V (low heavy metals), 0.81 g NaCl, and 0.5 mL 

Tyloxapol in 1000 mL water. The pH of the medium should be 5.95. If the pH 

is not around 6, either 6 M HCl or 6 M NaOH is added to adjust the pH to 6.0. 

The medium is sterilized by filtration through a 0.2 μm filter. On day of MIC 

set-up, sodium nitrite is added to a final concentration of 0.1 mM. Sodium nitrite 
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prepared fresh as a 1 M stock in water, filter sterilized through a 0.2 μm filter and 

diluted 1:10,000 in the 7H9/butyrate/Tyloxapol (pH = 6) medium.

12. Sterile 60 mL square polycarbonate bottles (Nalgene ™)

13. 25 mg/mL kanamycin prepared in water and filter sterilized. Store at −20 °C as 

aliquots.

14. Incubator shaker.

2.2 Preparation of plates for liquid MIC determination

1. 96-well V-bottom polypropylene plates

2. DMSO

3. Drug controls made as DMSO stocks as appropriate (see Note 4) including 10 

mM isoniazid stock, 1 mM rifampicin stock, 0.2 M pyrazinamide stock and/or 10 

mM linezolid stock (see Note 5).

4. 2–20 μl Multichannel Pipette.

5. 20μl and 200 μl sterile filter tips (RAININ).

2.3 Preparation of plates for solid medium MIC determination

1. Same materials described in Section of 2.1.

2. 96-well, U-bottom, microtiter plates with lids

3. 1000 μl Multichannel Pipette.

4. 1ml sterile filter tips (RAININ).

5. Sterile basins.

6. 7H11/OADC medium: Add 21 g Middlebrook 7H11 agar base (Difco), 5 mL 

glycerol (add with a 6-mL sterile syringe) with 900 mL water in a clean glass 

bottle containing a magnetic stir bar. Autoclave at 15 pounds pressure at 121 °C 

for 15 minutes. Cool to 60 °C in a warm water bath. Aseptically add 100 mL 

oleic acid-dextrose-albumin complex (OADC). OADC consists of 8.1 g NaCl, 

50 g BSA fraction V (low heavy metals), 20 g glucose, 30 mL sodium oleate 

solution and water to a total volume of 1000 mL. Sodium oleate solution is made 

by warming 30mL water containing 0.19 mL 10 M NaOH to 56 °C, adding 0.6 

mL oleic acid and swirling until clear. The OADC is filter-sterilized (0.2 μm 

sterile filters) and stored at 4 °C

7. Heating block.

2.4 Measuring growth using an inverted mirror

1. 96-well, U-bottom, sterile microtiter plates with lids

2. Sterile basins

3. Enlarging inverted mirror
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4. Ziplock bags

2.5 Measuring growth using Alamar Blue

1. 96-well clear flat-bottom, sterile black microtiter plates with lids (see Note 6)

2. Sterile basins

3. Ready-to-use Alamar Blue solution (DAL1100, ThermoFisher) (see Note 7)

4. Colorimeter/Fluorimeter (eg. CLARIOstar Plus, BMG LABTECH)

5. Ziplock bags

2.6 Measuring growth using fluorescence of M. tuberculosis pMSP12::GFP

1. 96-well, flat-bottom, sterile black microtiter plates with lids

2. Sterile basins

3. Fluorimeter (eg. CLARIOstar Plus, BMG LABTECH)

4. Ziplock bags

2.7 Measuring growth on solid medium

1. Sterile basins

2. Ready-to-use Alamar Blue solution (DAL1100, ThermoFisher)

3. Ziplock bags

4. 1–10μl or 2–20 μl Multichannel Pipette

5. 20μl sterile filter tips (RAININ)

3. Methods

3.1 Preparation of inoculum

1. In a 60 mL square bottle seed 10 mL of the growth medium to be used for 

the MIC determination (see Notes 8 and 9) with 200 μl freezer stocks of M. 
tuberculosis (see Note 1).

2. Incubate at 37 °C at 15 rpm for approximately 7 days or 10–12 days for growth 

in 7H9/butyrate//Tyloxapol (pH = 6) medium until the culture reaches an OD650 

of 0.2–0.4. The M. tuberculosis pMSP12::GFP strain is grown with 25 μg/mL 

kanamycin.

3. Dilute the cells 1:100 in the respective medium (see Note 10) and incubate as 

before for 4–5 days until the culture reaches an OD650 of approximately 0.2. The 

M. tuberculosis pMSP12::GFP strain is grown with 25 μg/mL kanamycin.

4. Dilute the cells 1:1000 in the respective medium for liquid MIC and 1:200 

for agar MIC, with the following exceptions: dilute cells 1:10 for liquid MIC 

in 7H9/butyrate/Tyloxapol (pH = 6) medium; and 1:10 for liquid MIC in 7H9/

butyrate/nitrite/Tyloxapol (pH = 6) medium (see Note 10). The M. tuberculosis 
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pMSP12::GFP strain is diluted in media with 25 μg/mL kanamycin. Transfer the 

cell suspension to a sterile basin (see Note 11).

3.2 Preparation of plates for liquid MIC determination

1. Dispense 40 μL stock solution of compound in column 1 of the 96-well 

polypropylene plate (see Notes 12, 13, 14 and 15).

2. Dispense 20 μL of DMSO to columns 2–12 in the plate.

3. Transfer 20 μL of compound from column 1 into column 2. Mix by pipetting up 

and down 6 times. Continue to make a 2-fold serial dilution by transferring 20 

μL of the dilution from column 2 into 3 and then into subsequent columns ending 

with column 11.

4. Prepare similar drug dilutions with the control drugs (see Notes 4 and 16).

5. Using a 20 μL multichannel pipette with clean sterile tips for each row, transfer 2 

μL of the drug dilution to the microtiter plate to be used for MIC determination.

3.3 Preparation of plates for solid medium MIC determination

1. Prepare drug dilutions as described in steps 1–5 of Section 3.2.

2. Using a 1000 μL multichannel set at 200 μL, transfer warm 7H11/OADC into the 

wells of the microtiter plate taking care to avoid formation of bubbles (see Note 

17).

3. Dry the plates with lids on for 24 hours inside the biosafety cabinet.

3.4 Measuring growth using an inverted mirror

1. Using a multichannel pipette with clean sterile tips for each row, add 200 μL 

of cells prepared in step 4 of Section 3.1 to the 96-well U-bottom microtiter 

plates containing the 2 μL of compound (see step 5 in Section 3.2). Mix the cells 

and compound and transfer 100 μL of the cell/compound mix to a clean sterile 

microtiter plate as a technical repeat (see Notes 11 and 15).

2. Replace the plate lids and place the duplicate microtiter plates in ziplock bags 

and incubate for 1 weeks at 37 °C.

3. Record growth at the end of week 1 by placing the plates above an enlarging 

inverted mirror (see Note 18).

4. Return the plates to the ziplock bags and incubate at 37 °C for an additional 

week.

5. Record growth at the end of week 2 (see step 3 in Section 3.4)

6. The MIC is taken as the lowest concentration of compound that results in full 

inhibition of growth (see Notes 19 and 20).
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3.5 Measuring growth using Alamar Blue

1. The set-up for MIC is performed as in the Step 1 of section 3.4 using 96-well 

clear flat-bottom black microtiter plates with the exception that an additional 

duplicate set of copies of the microtiter plates will be required for readouts at 

week 2 (see Note 20). One duplicate set of plates are labeled as “week 1”, the 

other duplicate set of plates are labeled as “week 2”.

2. After one week of incubation, add 10 μL of Alamar Blue solution to each well of 

“week 1” plates. Replace the plates in the ziplock bags and incubate for 24 hours 

at 37 °C.

3. Growth can be recorded as a visual MIC with the MIC value taken as the lowest 

concentration of compound that inhibits the reduction of the dye as seen by 

inhibition of blue to pink conversion. Alternatively, the MIC can be recorded in 

plate reader by absorbance at 570nm and 600nm or fluorescence using excitation 

between 530–560nm with emission recorded at 590–595nm (see Note 6).

4. At week 2, add 10 μL of Alamar Blue solution to each well of “week 2” plates. 

Replace the plates in the ziplock bags and incubate for 24 hours at 37 °C.

5. Repeat step 3 above for reading the results at week 2.

3.6 Measuring growth using fluorescence of M. tuberculosis pMSP12::GFP

The M. tuberculosis pMSP12::GFP strain is used for measuring the MIC under conditions 

of highly restricted growth as occurs at low pH in the presence or absence of nitrite. 

Pyrazinamide is active against M. tuberculosis at low pH and is an essential control for MIC 

determination in 7H9/butyrate/Tyloxapol (pH = 6) and 7H9/butyrate/nitrite/Tyloxapol (pH 

= 6) media (see Note 16). The M. tuberculosis pMSP12::GFP strain can also be used for 

MIC determination under any of the above growth conditions in order to generate growth 

inhibition graphs for compounds.

1. The inoculum is prepared as described in steps 1– 4 of section 3.1.

2. Using a multichannel pipette, add 200 μL of cell suspension to black microtiter 

plates containing the 2 μL of compound from the compound dilution plates (see 
step 5 in section 3.2). Mix the cells and compound and transfer 100 μL of the 

cell/compound mix to a clean sterile black microtiter plate to generate a technical 

repeat (see Notes 11 and 15).

3. Replace the plate lids, place the microtiter plates in ziplock bags and incubate at 

37 °C (see Note 21).

4. At 10-days and 20-days time points, measure fluorescence at an excitation 

wavelength of 485 nm and emission recorded at 535 nm.

5. The fluorescence readout values can be plotted as growth inhibition curve 

using the values from the DMSO control for 0% growth inhibition and 5 

μM rifampicin as 100% growth inhibition. From this, the IC50 (half maximal 

inhibitory concentration) and pIC50 (pIC50 = -log10 (IC50) can be determined. 
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In addition, the compound concentrations that result in 90% and 99% reduction 

in fluorescence signal should be recorded.

3.7 Measuring growth on solid medium

1. The inoculum is prepared as described in section 3.1.

2. Using a 10 μL or 20 μL multichannel pipette, add 2 μL of cell suspension to the 

center of the agar in each well.

3. Replace the plate lids, place the microtiter plates in ziplock bags and incubate for 

24 h at 37 °C before inverting the plates for further incubation (see Note 22).

4. Record visual growth after one week of incubation and again after two weeks 

(see Note 18).

5. After recording visual growth at week 2, add 10 μL of Alamar Blue solution to 

each well.

6. Once Alamar Blue reagent has been added, the plates should not be inverted. 

Replace the plates in the ziplock bags and incubate for 24 hours at 37 °C.

7. The MIC is recorded as the concentration of compound that results in no visible 

growth on top of the agar. This value typically corresponds to the concentration 

of compound that inhibits the reduction of Alamar Blue to its pink reduction 

product.

Notes

1. Widely used strains of M. tuberculosis including H37Rv (ATCC 27294), 

Erdman, HN878, and CDC1551 all show reproducible robust growth in the 

respective media. At times, clinical strains of M. tuberculosis including drug 

resistant isolates may need to be tested. Clinical isolates tend to have more 

variable growth rates and nutrient requirements depending on the genetic 

background of the strain and need to be grown accordingly. In addition, many 

clinical isolates do not grow well in minimal media preventing their reproducible 

assessment under these conditions. The M. tuberculosis pMSP12::GFP is 

cultured with 25 μg/mL kanamycin.

2. Glycerol and detergents such as Tween 80 and Tyloxapol are highly viscous and 

cannot be dispensed by pipetting unless diluted solutions are prepared. A syringe 

with plunger allows sufficiently accurate dispensing of these for larger volumes 

of media. For the preparation of volumes of growth media less than 1 L, it is 

preferable to use stocks of 25 % glycerol and 25 % Tyloxapol or Tween 80 

prepared in water. These stocks should be filter-sterilized (0.2 μm filter) and a 

calculated volume is dispensed accordingly.

3. 7H9 Middlebrook broth base containing glycerol and detergent can be 

autoclaved prior to addition of ADC.
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4. M. tuberculosis including H37Rv (ATCC 27294), Erdman, HN878 and 

CDC1551 all have similar MIC values to standard drugs such as isoniazid and 

rifampicin. Drug-resistant clinical isolates have to be tested with the appropriate 

drug controls with linezolid (stock concentration of 10 mM) being the most 

widely applicable control drug for drug-resistant isolates except for resistant 

strains that have been isolated from patients treated with this oxazolidinone.

5. Drug stocks should be stored frozen in aliquots. Although drugs such as 

isoniazid, rifampicin and linezolid can be frozen and thawed several times 

without noticeable changes in MIC values, it is good practice to aliquot drugs as 

needed. Pyrazinamide is only active against M. tuberculosis grown at pH 6.

6. The Alamar Blue assay is based on reduction of the resazurin dye to a 

pink product. Recording of absorbance or fluorescence using a plate reader 

enables inhibition curves to be graphed with determination of pIC50 values. 

For absorbance data, the percentage inhibition (PI) can be calculated using the 

equation as follows:

PI = 1 − O2 * A2 − O1 * A1
O2 * P1 − O1 * P2 * 100 %

where: O1 = 80586, molar extinction coefficient (E) of oxidized resazurin at 570 

nm, O2 = 117216, E of oxidized resazurin at 600 nm, A1 = absorbance of test 

well (containing drug) at 570 nm, A2 = absorbance of the same test well at 600 

nm, P1 = absorbance of control well (no drug) at 570 nm, P2 = absorbance of 

control well at 600 nm. For fluorescence data, the PI is calculated as follows:

PI = 1 − FI590of test well
FI590of controlwell * 100 %

where: FI 590 = fluorescent intensity at 590 nm emission (560 nm 

excitation). IC 50 is calculated based on the curve generated from plotting 

compound concentration vs PI, and pIC50 is calculated using the equation: 

pIC50 = − log10 IC50 .

7. Alamar Blue solution can be made from resazurin powder (e.g. R7017, Sigma) in 

water at a concentration of 0.04%.

8. M. tuberculosis cultures should not be propagated for more than 2–3 sub-cultures 

since in vitro growth conditions tend to favor the emergence of strains that 

have lost phthiocerol dimycoserosate (PDIM) [19]. Freezer stocks are made 

by freezing sufficient numbers of aliquots of a confirmed PDIM-positive strain 

[20] to allow reproducible testing over 2–3 years, depending on the estimated 

throughput and duration of the laboratory or project.

9. For growth in BSA-free conditions and in low pH medium (7H9/butyrate/

Tyloxapol (pH = 6)), it is recommended to start cultures from freezer stocks 

in the respective BSA-containing carbon source medium (pH = 6.8) to an OD600 
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of 0.2–0.4, then dilute cells 1:100 in the respective BSA-free or 7H9/butyrate/

Tyloxapol (pH = 6) medium (see step 3 of Section 3.1).

10. For MIC testing in 7H9/butyrate/nitrite/Tyloxapol (pH = 6) medium, cells are 

cultured in the absence of nitrite (in step 3 of Section 3.1). When cells are ready, 

dilute cells 1:10 in 7H9/butyrate/nitrite/Tyloxapol (pH = 6) medium for MIC 

set-up.

11. For 7H9/cholesterol/BSA/Tyloxapol medium, it is important to keep the medium 

warm during set-up for MIC since cholesterol rapidly precipitates as the medium 

cools down.

12. It is important to ensure that pipettes are calibrated. For most pipettes there is a 

10% pipetting error implying that the error is larger on smaller volumes. Thus, it 

is recommended not to pipette a lower volume than 2 μL using a 10 μL or 20 μL 

pipette.

13. Compound stock solutions in DMSO need to be fully dissolved. In some 

instances, sonication in a water bath or gentle heating (depending on compound 

stability to heat) may be necessary to ensure full dissolution. Compounds that do 

not fully dissolve at the initial compound concentration need to be further diluted 

with DMSO until fully dissolved. In the latter case, the highest concentration 

in the MIC set-up will be lower. There are certain chemical series that are not 

stable or soluble in DMSO. These compounds may be soluble in solvents such as 

ethanol or water. In the latter case, stock solutions need to be filter sterilized and 

the serial dilutions should be performed with respective solvent.

14. Stock concentrations depend on the desired highest concentration in the MIC 

set-up. As a rule, the DMSO concentration in the MIC set-up should not be 

higher than 1% after addition of cells. In the procedure outlined in the chapter, a 

stock concentration of 10 mM will give a final concentration of 100 μM.

15. Dilution of compound in DMSO is important when the solubility in aqueous 

medium is unknown. However, for compounds whose aqueous solubility is not 

limiting, the method can be accelerated by performing drug dilutions in aqueous 

medium. In this case, 2 μL of drug is added directly to the first column of the 

sterile microtiter plate (plate 1) containing 200 μL of growth medium in column 

1 and 50 μL of growth medium in all other wells. Dilutions are performed by 

transferring 50 μL from column 1 to column 2 and serially to the next columns 

ending with column 11 after which the last 50 μL is discarded. A duplicate plate 

(plate 2) containing 50 μL of medium in columns 2–12 is made by transferring 

100 μL from column 1 in plate 1 to this plate and serially diluting as for plate 

1. After this, an equal volume of cells (50 μL) in the respective growth medium 

prepared as in section 3.3 is added. The final drug concentration is 50 μM if the 

drug stock concentration is 10 mM.

16. Pyrazinamide results in 90% growth inhibition at 500 −1000 μM at pH = 6.

Wang and Boshoff Page 11

Methods Mol Biol. Author manuscript; available in PMC 2023 September 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



17. The 7H11/OADC agar medium rapidly solidifies during preparation of the 

plates. To overcome this, it is advisable to keep the basin with agar medium 

on a hot plate and to work rapidly. In addition, the tips need to be replaced after 

each agar addition. It is harder to accurately dispense warm agar medium and as 

a result, at least 4 copies are required for each plate.

18. It is recommended to record MIC data by photographing the plates.

19. Compound precipitation can confound interpretation of growth. In addition, 

cholesterol may precipitate out of plates containing 7H9/cholesterol/BSA/

Tyloxapol medium if the plates cool down at any time point. In these cases, 

an alternative method of MIC determination using Alamar Blue (section 3.5) 

or fluorescence of M. tuberculosis pMSP12::GFP (section 3.6) as a readout is 

necessary.

20. The standard time period for recording growth inhibition of compounds to obtain 

a full MIC value, is 1 week. However, some compounds may act to slow down 

growth without resulting in complete growth inhibition at any time point. For 

these compounds, the level of growth inhibition may be time-dependent in which 

case a 2-week readout is beneficial. Note that interpretation of growth inhibition 

of compounds during extended periods of incubation is affected by compound 

stability in the medium and to M. tuberculosis metabolism. Compound stability 

can be determined by measuring compound concentrations in the wells by, for 

example, extraction into acetonitrile followed by liquid chromatography-mass 

spectrometry analysis.

21. Time points for growth readout under restrictive growth conditions including 

7H9/butyrate/Tyloxapol (pH = 6) and 7H9/butyrate/nitrite/Tyloxapol (pH = 6) 

are longer than growth conditions that support florid growth. The time points for 

these slower growth conditions are typically 10 days as first time point and 20 

days as second time point.

22. Plates are initially incubated upright to ensure that the liquid from the cell 

suspension is drawn into the agar. After this, plates are inverted to prevent 

condensation from accumulating in the lids which can fall onto the agar.
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Table 1.

MIC in μM of drugs in series of media.

Compounds

Media

7H9/ADC/
Tw

7H9/
Glucose/BSA/T

w

7H9/
Glucose/BSA/

Tx

7H9/Glucose/
Casitone/Tx

7H9/
DPPC/BSA/

Tw

7H9/DPPC/
Casitone/Tx

7H11/OADC 
Agar

EMB 1 2 2 1 1 1 3.5

SM 0.25 0.5 0.5 0.25 0.5 0.25 0.5

LNZ 1.56 3.1  1.56 1.56 3.1 3.1 1.56

BDQ 1.5 5 1.5 1.5 5 1.5 1.5

MXF 0.1 0.2 0.2 0.2 0.2 0.2 0.2

INH 0.28 0.28 0.28 0.28 0.13 0.13 0.28

PA824 0.1 0.3–0.8 0.3 0.2 0.3 0.2 0.2

RIF 0.005 0.01 0.08 0.08 0.01 0.05 0.16

EMB: ethambutol; SM: streptomycin; LNZ: linezolid; BDQ: bedaquiline; MXF: moxifloxacin; INH: isoniazid; RIF: rifampicin; Tw: tween 80; Tx: 
tyloxapol
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