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ADDITIONAL FILE 1: Supplementary Table S1 & Methods 
 
A. Supplementary Table S1.  
Antifungal activity of twenty-one candidate compounds against A. brasiliensis ATCC 16404. * 
Compounds MIC† MFC‡ MFC/MIC ratio§ 
Benzoic acid > 1.0 ND|| ND 
Gallate > 1.0 ND ND 
Methyl gallate > 1.0 ND ND 
Ethyl gallate > 1.0 ND ND 
Propyl gallate > 1.0 ND ND 
Butyl gallate > 1.0 ND ND 
Octyl gallate 0.1 0.4 Fungicidal 
Nonyl gallate 0.7 > 1.0 NC¶ 
Decyl gallate > 1.0 ND ND 
2,4-Dihydroxybenzoic acid > 1.0 ND ND 
3,4-Dihydroxybenzoic acid > 1.0 ND ND 
Methyl benzoate > 1.0 ND ND 
Cinnamic acid > 1.0 ND ND 
Thymol > 1.0 > 1.0 ND 
Carvacrol 1.0 > 1.0 NC¶ 
Salicylic acid > 1.0 ND ND 
Guaiacol > 1.0 ND ND 
Vanillic acid > 1.0 ND ND 
Zingerone > 1.0 ND ND 
Benzaldehyde 0.3 0.6 Fungicidal 
2-Hydroxy-4-methylbenzaldehyde 0.8 > 1.0 NC¶ 
*Most compounds were U.S. Food and Drug Administration (FDA)-enlisted food additives [17], except 
five alkyl gallates (methyl-, ethyl-, butyl-, nonyl-, and decyl-), which were compared for structure-activity 
relationship of compounds. Antifungal assays were based on the Clinical Laboratory Standards Institute 
(CLSI) M38-A protocol [18] (See Methods below). Order of antifungal activity was: octyl gallate (OG) > 
benzaldehyde > nonyl gallate > 2-hydroxy-4-methylbenzaldehyde > carvacrol (higher to lower activity). 
OG and benzaldehyde also showed fungicidal effect (viz., MFC/MIC ≤ 4; See Methods below for 
calculation). 
† MIC, Minimum inhibitory concentration; Compounds were tested up to 1.0 mM (cut off). 
‡  MFC, Minimum fungicidal concentration; MFC were determined only for the compounds showing MIC 
value of  ≤ 1.0 mM. 
§ Determined as fungicidal if MFC/MIC ratio was ≤ 4. 
|| ND, Not determined since MIC was > 1.0 mM. 
¶ NC, Not calculated (Fungal growth was recovered at 1.0 mM cut off). 
 
 
B. Methods 

Chemicals 
Chemicals used in this study were procured from Sigma Co. (St. Louis, MO, USA) as follows: 
(1) Phenolics and structural analogs currently applied as food additives (benzaldehyde, benzoic 
acid, carvacrol, cinnamic acid, 2,4-dihydroxybenzoic acid, 3,4-dihydroxybenzoic acid, guaiacol, 
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2-hydroxy-4-methoxybenzaldehyde, methyl benzoic acid, octyl gallate, propyl gallate, salicylic 
acid, thymol, vanillic acid, zingerone) [17], (2) Gallate and other alkyl gallates (methyl-, ethyl-, 
butyl-, nonyl- and decyl gallate), (3) Conventional preservatives [phenoxyethanol, caprylyl 
glycerol, caprylhydroxamic acid, 4’-hydroxyacetophenone, 4-isopropyl-3-methylphenol (4I3M), 
2,3,4-trihydroxybenzaldehyde]. Compounds were dissolved in dimethyl sulfoxide (DMSO; 
absolute DMSO amount: < 1% in solution) before incorporation into medium. In all tests, control 
plates (i.e., No treatment) contained DMSO at levels equivalent to that of cohorts receiving 
antifungal agents, within the same set of experiments. 

Microorganisms 
The filamentous fungus Aspergillus brasiliensis ATCC 16404 (American Type Culture 

Collection, Manassas, VA) was cultured at 28°C on potato dextrose agar (PDA). The cultivation 
of the model yeast Saccharomyces cerevisiae, Aspergillus fumigatus wild type (WT; AF293) and 
two mitogen-activated protein kinase (MAPK) mutants (sakAΔ and mpkCΔ) was as described 
previously [9].  

S. cerevisiae WT BY4741 (Mat a his3Δ1 leu2Δ0 met15Δ0 ura3Δ0) and single gene deletion 
mutants, i.e., cytosolic superoxide dismutase mutant (sod1Δ), mitochondrial superoxide 
dismutase mutant (sod2Δ), antioxidant transcription factor mutant (yap1Δ), glutathione reductase 
mutant (glr1Δ), vacuolar H+-ATPase assembly mutant (vph2Δ) and vacuolar H+-ATPase subunit 
A mutant (vma1Δ), were procured from Open Biosystems (Huntsville, AL) [See Reference 19 
for detail]. 
 
Antifungal assays 
 

To determine antifungal activity of twenty-one test compounds (0.0, 0.1, 0.2, 0.3, 0.4, 0.5, 
0.6, 0.7, 0.8, 0.9, 1.0 mM) in A. brasiliensis, liquid bioassays (0.4 × 104 to 5 × 104 CFU mL-1) 
was performed in microtiter wells with RPMI 1640 medium (Sigma Co., St. Louis, MO). 
Minimum inhibitory concentrations (MICs), lowest concentration of agent(s) showing no visible 
fungal growth, were assessed after 48hrs. Minimum fungicidal concentrations (MFCs), lowest 
concentration of agents showing ≥ 99.9% fungal death, were determined following completion of 
MIC assays, wherein entire volumes of microtiter wells (200 µL) was spread onto individual 
recovery plates, i.e., potato dextrose agar (PDA) plates, and was cultured for another 48hrs. The 
level of antifungal efficacy of a compound was evaluated by determining ratio of MFC/MIC. If 
MFC/MIC value is ≤ 4, the antifungal efficacy was defined as fungicidal, whereas if MFC/MIC 
is > 4, the antifungal efficacy was defined as fungistatic [20]. 

 
To evaluate the efficacy of combined application of conventional preservatives (Table 1) 

(0.0, 0.1, 0.2, 0.4, 0.8, 1.6, 3.2, 6.4 mM) to octyl gallate (OG; 0.0, 0.00625, 0.0125, 0.025, 0.05, 
0.1, 0.2, 0.4, 0.8 mM) in A. brasiliensis, triplicate checkerboard bioassays (0.4 × 104 to 5 × 104 
CFU mL-1) were performed in microtiter wells using a broth microdilution, according to 
protocols outlined by the Clinical Laboratory Standards Institute (CLSI) M38-A [18]. MICs and 
MFCs were determined as described above. Levels of compound interactions between antifungal 
agents were determined based on Fractional Inhibitory Concentration Indices (FICI) or 
Fractional Fungicidal Concentration Indices (FFCI) [21], where FICI or FFCI = (MIC or MFC of 
compound A in combination with compound B/MIC or MFC of compound A, alone) + (MIC or 
MFC of compound B in combination with compound A/MIC or MFC of compound B, alone). 
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Compound interactions were defined as synergistic (FICI or FFCI ≤ 0.5), additive (0.5 < FICI or 
FFCI ≤ 1), neutral/indifferent (1 < FICI or FFCI ≤ 2), or antagonistic (FICI or FFCI > 2). If 
necessary, the Odds’ methodology [22] can be substituted in parallel calculations of compound 
interactions, where FICI or FFCI values ≤ 0.5 indicate synergistic and values > 0.5 - 4 indicate 
neutral/indifferent [22].  

 
Yeast dilution bioassay was performed according to procedures described previously [9]. 

The concentrations of 4I3M tested were 0.0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9 and 1.0 mM. 
 
Measurement of overcoming fludioxonil tolerance of A. fumigatus sakAΔ and mpkCΔ 

mutants was based on comparison of fungal radial growth between treated and control colonies 
(See Figure 1B). Fungal conidia (5 x 103) were diluted in phosphate buffered saline and 
inoculated as a drop onto the center of PDA plates containing: (1) No treatment (control); (2) 
4I3M (0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0 mM); (3) fludioxonil (50 µM); and (4) 4I3M + 
fludioxonil. Growth was observed for five to seven days at 35oC. 

 
Compatibility of 4I3M, thymol and carvacrol with three commercial surfactants, i.e., (1) C12-

14 fatty alcohol polyglycol ether-based [Trade name: Genapol LA 070 S (Clariant Co., Charlotte, 
NC)], (2) C8-16 fatty alcohol (alkyl polyglucosides)-based [Trade name: Glucopon® 420 UP 
(BASF Co., Florham Park, NJ)] and (3) sodium lauryl sulfate-based [Trade name: Stepanol WA-
EXTRA HP (Stepan Co., Northfield, IL)] surfactants, were investigated by determining the 
antifungal activity after incorporation of 4I3M, thymol or carvacrol into 10% surfactant solution 
in water. MICs and MFCs were monitored after 48 hrs (2 days) or 168 hrs (7 days) of fungal 
inoculation in microtiter plates (9.5 x 103 CFU of A. brasiliensis per well).  

Statistical analysis 
Statistical analysis (student’s t-test) was performed based on “Statistics to use” [23], where p 

< 0.05 was considered significant. 
 


