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[Abstract] The Minimum Inhibitory Concentration (MIC) Assay is widely used to measure the
susceptibility of yeasts to antifungal agents. In serial two-fold dilutions, the lowest concentration of
antifungal drug that is sufficient to inhibit fungal growth is the MIC. Typically, 50% inhibitory (MICso)
or 80% inhibitory (MICso) values are reported. To facilitate visualization of antifungal susceptibility
data, heat maps are generated whereby optical density values are represented quantitatively with

colour.

Materials and Reagents

1. Strain to be analyzed

2. Overnight cultures of the strains to be analyzed and parental controls
3. Glucose

4. MOPS

5. Yeast extract

6. Bactopeptone

7. Yeast nitrogen base

8. Media
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a. RPMI medium 1640 (Life Technologies, Gibco®, catalog number: 31800-089) (see

http://www.bio-protocol.org/e252 Vol 2, Iss 20, Oct 20, 2012

Recipes)

Note: It is the standard medium recommended by the CLSI standard protocol.
b. YPD (see Recipes)

Note: It is a rich medium commonly used to assess susceptibility of diverse mutants.
c. Synthetic defined medium (see Recipes)

Note: Supplemented with required amino acids to enable growth of auxotrophic

strains is commonly used for experiments requiring plasmid selection.

Equipment

1. 96-well tissue culture plate (flat bottom with lid) (SARSTEDT AG, catalog number:
83.1835)

2. Microplate reader

3. Multichannel pipette [optional: Multichannel electronic pipette (Rainin, model:

EDP3-Plus)]

Software

1. Soft Max Pro or equivalent spectrophotometer software (Microplate Data Processing)

2. Microsoft Excel (Data Analysis)

3. JavaTree View (Heat Map Generation,_http://jtreeview.sourceforge.net/)

Procedure

1. Grow an overnight culture of the strains to be assayed, including relevant controls, in 3 ml

of the appropriate medium being tested.
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2. Prepare the MIC plate with the drug gradient to be tested.

a. Always set up the plates in duplicate.

b. Add 100 pl of the medium to all 96 wells except for column 12 using a multi-channel
pipette.

c. To column 12, add 200 pl of the medium that contains drug at 2x the final
concentration that the titration will start at.

d. Perform 2-fold dilutions by transferring 100 pl of the drug-containing medium from
column 12 to column 11 (mix well and repeat across the row). Stop at column 2 and
discard the excess 100 pl so that column 1 is the drug-free control.

3. Measure the ODsoo of 100 pl of the overnight cultures in duplicates in a 96 well plate.

a. Subtract the ODsoo reading from medium only wells to account for background.

b. Calculate the average ODsoo for each strain.

4. To prepare the inoculum in 5 ml of medium, add 1/ODeoo x 1.5 pl of the overnight culture.

5. Add 100 pl of diluted inoculum (~102 cells) to every well from columns 1 to 12, one strain
per row.

6. Incubate the plates statically at the appropriate temperature (35 °C is the standard
temperature approved by CLSI standard, 37 °C is a clinically relevant temperature, and

30 °C is a commonly used laboratory temperature) for the desired amount of time, often

for 24, 48, or 72 h.

7. To prepare plates for ODeoo reading, mix wells with a multi-channel pipette.
8. Process the data in Excel.

a. Copy ODeoo values for each drug replicate into a new worksheet.

b. Above the first row of values, label the drug gradient with the appropriate
concentration for each column.

c. Label the strains in the left-most column.

d. Calculate the average of medium-only values and subtract it from all values on the

plate. Convert any negative numbers to “0”.
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e. Calculate the average of values from each duplicate.

f. Optional: To normalize growth in the drug gradient relative to its drug-free control,

divide the ODeoo values of each well by the ODeoo value of the well in the column 1 of

the corresponding row.

g. Copy the referenced values to a new worksheet using “paste special”, select “values

only” and arrange in the following format.

]

0.015625

1.0155115
0.92474073
0.97748248
0.95299636
0.93480073
0.93127041
0.953245932

amMmonNnE P00
]

0.03125
0.5956699
0.52503971
1.01763711
0.97303504
0.9786264
1.01795988
0,96515938

0.0625
0.53418623
0.53321499
0.97028268
0.94366265
095666454
0.82856476
0.50091426

0.125
0.43497821
0.33177614
0.96892969
0.97927436
0.96789058
0.99875603
0.96352854

h. Save as a text (tab delimited) file.

0.25
0.11518815
0.13010371
0.47455%07

0.9724775
0.98622481
1.01267299
0.96738325

9. Plot the data as heat map in JavaTree View.

0.5
0.04494119
0.04480052
0.04725779
0.98300785
0.98548948
0.92256259
095394119

a. Open the text (tab delimited) file in JavaTree View.a.

b. Under setting, make the following changes in pixel.

xel Settings
Xx: iy
Global ® Fixed Scale 16.0 ¥ Fixed Scale 79.0
) Fill ) Fill
X e
Zoom: ¥ Fixed Scale 60 ) Fixed Scale 60
) Fill _ Fill
Contrast: Value: 1
LogScale: _ Log (base 2) Center:
@ Positive Wzero O Negative @ Missing
102, 204,0
Colors: Load... Save... | Make Preset
RedCreen | | ‘r’ellcwE[ue.
Close

Zoom X: Fixed Scale = 60
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1
0.04522236
0.04573484
0.04725779

0.9243251
0.9245061
0.99541284
0.93160366

2
0.04948686
0.04489395
0.04653298
0.92399004
0.93994804
1.00357643
0.89992587

4
0.04569099
0.04517425
0.04919063
0.89833429
0.94372273
0.97372104
0.91198419

8
0.04550354
0.04400635
0.04580817
0.91025273
0.94337958
0.95762712
0.91336793

16
0.05117391
0.04643558
0.04880406
0.93370668
0.96225403

1.06896284
0.96204596
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Zoom Y: Fixed Scale = 60
Contrast Value: 1
Positive: 102, 204, 0 (Green)

c. Export the file

Caspofungin (pg/ml)

G Mmoo m®E

Relative Growth

0.00.2040603 1.0

The above figure is adapted from Reference 1, and plotted based on the data shown
in the table associated with point 8 g above. Growth measured by optical density is
quantitatively displayed with color as indicated in the color bar, such that bright green
represents full growth and black represents no growth. As indicated above, growth of
each strain can be plotted as values normalized to the drug-free control for the same

strain, or growth can be directly plotted without normalization.

Recipes

1. PMI medium 1640 (pH 7.0)
3.5% MOPS

2% glucose
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2. YPD
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1% yeast extract
2% bactopeptone
2% glucose
3. Synthetic defined medium
0.67% yeast nitrogen base

2% glucose
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