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ARTICLE INFO ABSTRACT
Keywords: Malassezia globosa, a lipophilic pathogen, is known to be involved in various chronic skin diseases.
Antimicrobial drug Unfortunately, the available treatments have unwanted side effects and microbial drug resistance

Bee product
Lipase

Natural product
Skin disease

is evolving. As the antimicrobial activity of propolis is outstanding, this study aimed to examine
the potential of propolis from the stingless bee Geniotrigona thoracica against the yeast. Anti-
M. globosa growth activity was ascertained in agar well diffusion and broth microdilution assays
and the inhibitory concentration value at 50 % (ICso) was determined. Since the yeast cannot
synthesize its own fatty acids, extracellular lipase is important for its survival. Here, anti-
M. globosa extracellular lipase activity was additionally investigated by colorimetric and agar-
based methods. Compared to the crude hexane and crude dichloromethane extracts, the crude
methanol partitioned extract (CMPE) exhibited the best anti-M. globosa growth activity with an
ICsp of 1.22 mg/mL. After CMPE was further enriched by silica gel column chromatography,
fraction CMPE1 (ICsp of 0.98 mM or 184.93 ug/mL) presented the highest activity and was later
identified as methyl gallate (MG) by nuclear magnetic resonance analysis. Subsequently, MG was
successfully synthesized and shown to have a similar activity, and a minimal fungicidal con-
centration of 43.44 mM or 8.00 mg/mL. However, lipase assay analysis suggested that extra-
cellular lipase might not be the main target mechanism of MG. This is the first report of MG as a
new anti-Malassezia compound. It could be a good candidate for further developing alternative
therapeutic agents.

1. Introduction

Mammalian skin diseases caused by infection with fungi or yeast are commonly found worldwide, including in humans. They not
only cause physical illness, but also impact on the mental health [1,2]. Recently, there has been growing clinical attention to the skin
pathogenic yeast genus Malassezia, the most abundant component of the human mycobiome, which can opportunistically cause skin
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diseases depending on the age, gender, personal health conditions, and environment. Malassezia spp. are associated with a wide range
of chronic skin conditions, including seborrheic dermatitis, atopic dermatitis, folliculitis, pityriasis versicolor, psoriasis, and dandruff.
The common species found in patients are M. globosa, M. restricta, M. sympodialis, and M. furfur [3-6]. Azole drugs, such as ketoco-
nazole, fluconazole, and itraconazole, are recognized as primary effective treatments. Unfortunately, both short- and long-term usage
can lead to many side effects, including headache, nausea, irritation, hormone-related effects, and liver toxicity. Moreover, resistance
in Malassezia to azoles has also been reported [7-10], and so the exploration of alternative remedies should be encouraged.

Natural resources provide a diverse variety of bioactive compounds. Propolis is a bee product that is mainly composed of resin from
many plant species. It is harvested by worker bees or stingless bees for constructing or repairing their hives, along with killing pests and
pathogens. Propolis contains numerous biological properties, such as antimicrobial, anti-inflammatory, antioxidant, anti-cancer, anti-
tumor, and wound healing activities [11-22]. Multiple studies have reported on the strong and wide ranges of antimicrobial activities
of propolis. It can inhibit both Gram-positive and Gram-negative bacteria, yeasts, fungi, parasites, and viruses.

Propolis also presents an inhibitory activity against dermatophytes and skin pathogenic yeasts. It effectively inhibits Candida,
Trichosporon, Geotrichum, Saccharomyces, Cryptococcus, Rhodotorula, Microsporum, and Trichophyton [23-28]. So far, it has been uti-
lized as a constituent for supplements, cosmetics, and medicines. However, most recent studies have only focused on the inhibitory
activity of crude propolis extracts against M. pachydermatis isolated from dogs. Moreover, the mechanism of inhibition remains un-
known. According to these limitations, further investigations should give more consideration to the isolates from humans, the main
active compound(s), and mechanisms of inhibition. Interestingly, almost all of the Malassezia species are lipid-dependent species that
rely on external fatty acid sources. Hence, extracellular lipase activity is important for their growth and pathogenicity. The yeasts
secret lipase to hydrolyze lipids on human skin, then uptake only the saturated fatty acids. Accumulation of the remaining unsaturated
fatty acids can cause irritation and lead to various skin disorders [29-31]. Thus, determination of the inhibitory activity against
extracellular lipases is one of the interesting target mechanisms of these yeast species.

This work aimed to examine the potential of propolis extracts from the stingless bee, G. thoracica, one of the commonly raised
species in Thailand, against M. globosa. The study focused on exploration of the bioactive compound(s) in the propolis by extraction
and characterization of the propolis components through solvent partitioning and silica gel 60 A column chromatography (SGCC). The
obtained extracts were then screened to determine their activity against M. globosa growth. The most effective fraction was enriched
and then analyzed for its chemical structure using spectroscopy. Furthermore, the inhibitory activity against M. globosa extracellular
lipase was demonstrated by lipophilic detection and colorimetric lipase assay. The obtained bioactive compound could be developed to
an alternative therapeutic agent. Additionally, it can support stingless bee or beekeeping management by adding values to their
products, which may lead to protect this important pollinator.

2. Methods
2.1. Sample collection

Raw propolis from the stingless bee, Geniotrigona thoracica, was collected from a local stingless bee apiary in Samut Songkhram
province, Thailand in January 2019. It was stored at —20 °C with light protection until used.

2.2. Preparation of propolis extract

The propolis extract was prepared using solvent extraction as previously described [32,33] with slight modification. The raw
propolis (145-150 g) was cut into small pieces and then extracted with 900 mL of 80 % (v/v) methanol (MeOH) by shaking at 100 rpm,
25 °C, for 20 h under darkness (SI-23MC, Bioer Technology, China). Next, the soluble part was separated by spinning at 5,488 xg (7000
rpm), 4 °C for 15 min (Sorvall RC 6 Plus Centrifuge, SLA-1500 rotor, Thermo Scientific, USA) and collecting the supernatant. The
remaining solid was re-extracted twice more with MeOH in the same manner as described and then the obtained supernatants were
pooled and evaporated at 40-45 °C under reduced pressure (rotary evaporator, Heidolph, Germany) to yield the crude 80 % MeOH
extract (CME) of G. thoracica propolis. The CME was then sequentially partitioned by three organic solvents: hexane, dichloromethane
(CHCly), and MeOH, respectively, using a separating funnel.

First, the obtained CME was completely dissolved in MeOH, hexane was then added at the same volume as the MeOH, mixed, and
poured into a separating funnel. After phase separation, the upper phase (hexane) was collected while the lower phase (MeOH) was re-
partitioned with hexane in the same manner twice more. The hexane phases were pooled and evaporated at 40-45 °C under reduced
pressure to obtain the crude hexane partitioned extract (CHPE).

The remaining MeOH part was further partitioned in the same manner three times each with an equal volume of CH,Cl,, except that
the CH,Cl, extract was the lower phase while the MeOH phase was the upper phase. The CH5Cl, phases were pooled and evaporated as
above to yield the crude CH,Cl; partitioned extract (CDPE), while the residual MeOH phase was evaporated to yield the crude MeOH
partitioned extract (CMPE). In all cases, the percentage of yield and appearance were recorded. All crude partitioned extracts were
stored in the dark at —20 °C for further primarily screening of anti-M. globosa growth activity using the agar well diffusion assay
(section 2.5).
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2.3. Bioassay-guided fractionation and compound isolation

2.3.1. Fractionation using SGCC

The SGCC was modified from Khongkarat et al. [34]. A 500-mL glass column (NK Laboratory, Thailand) was packed with silica gel
60 A (SG; particle size 0.063-0.200 mm for column chromatography) (Merck, Germany). The CMPE extract (4.64 g) was dissolved in
1:1 (v/v) MeOH: CH,Cl; and mixed with SG. The mixed paste was evaporated to dryness and loaded over the packed SG column. The
column was then eluted with the following mobile phases: [i] 2 L of 1:19 (v/v) MeOH: CHCly, [ii] 1 L of 1:4 (v/v) MeOH: CHCl,, [iii]
2Lof1:1 (v/v) MeOH: CH,Cly, and [iv] 2 L of MeOH, respectively. The eluates obtained from mobile phases [i] and [ii] were collected
in 10-mL fractions while those obtained from mobile phases [iii] and [iv] were collected in 200-mL fractions. Fractions showing similar
SG thin layer chromatography (TLC) profiles (section 2.3.2) were combined, evaporated to dryness at 40-45 °C under reduced
pressure, and stored in the dark at —20 °C.

2.3.2. Fraction evaluation by TLC

The TLC SG Fgs4 plates (Merck, Germany), size 2 cm x 5 cm, were prepared as the stationary phase. A small portion of the combined
fractions were dissolved in appropriate solvents, such as MeOH and 1:1 (v/v) MeOH: CH,Cl,, and then spotted on a TLC plate at the
starting line (1 cm above the bottom of the TLC plate) using a capillary tube and dried at room temperature. The TLC plate was
developed in a glass chamber containing a suitable solvent, including MeOH: CHyCl, at 1:4 and 1:19 (v/v), as the mobile phase. After
the solvent reached the solvent front (5 cm above the starting line of the TLC plate), the TLC profile was visualized under ultraviolet
light (254 nm) followed by dipping in 5 % anisaldehyde reagent. The fractions showing the same TLC (chemical) profile were pooled
and tested for anti-M. globosa growth activity using the agar well diffusion assay (section 2.5). After that, they were stored in the dark at
—20 °C for further usage.

Raw propolis from
G. thoracica (145 g)

Extracted with 80% MeOH (900 mL)
at 100 rpm, 25 °C for 20 h

Re-extracted (2 x)

—d
Evaporated at 40-45 °C v
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Fig. 1. Scheme of the bioassay-guided fractionation of the CME G. thoracica propolis extract. The box with color indicates the extract that exhibited
anti-M. globosa growth activity in the agar well diffusion assay.
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2.3.3. Chemical structure analysis

The enriched or pure fraction with the highest M. globosa growth inhibition activity (CMPE1) was sent to the Nuclear Magnetic
Resonance (NMR) analysis service at the Department of Chemistry, Faculty of Science, Chulalongkorn University for chemical
structure analysis. Briefly, CMPE1 (10-20 mg) was completely dissolved in 1.0 mL of methanol-d4 (Eurisotop, Cambridge Isotope
Laboratories, Inc., USA). The NMR spectrometer (Jeol JNM-ECZ500R NMR) was operated at 500 MHz and 125 MHz for 3¢ and 1H,
respectively. The NMR spectra, chemical shifts in § (ppm), and J coupling values (Hz) were reported and compared to reference
reports.

2.3.4. Synthesis of MG

The MG was synthesized as reported [35] with slight modification. A methanolic solution (10 mL) containing a mixture of gallic
acid (GA; 1.0150 g, 6.0 mmol) and 4 A molecular sieves was added into concentrated sulphuric acid (1.0 mL) dropwise. The reaction
mixture was refluxed until the GA was completely consumed (about 10 h), then cooled down, evaporated to dryness, and dissolved in
ethyl acetate. The ethyl acetate soluble portion was extracted twice with water to remove the excess acidity, and the ethyl acetate layer
was then dried over anhydrous sodium sulphate (NaxSO4) and evaporated to dryness to yield the MG as a white powder (0.6845 g, 62
%). The synthesized MG was verified by TLC and 'H NMR analyses in comparison to the naturally isolated MG from the CMPE1
propolis extract.

The overall extraction procedure of the G. thoracica propolis extract for anti-M. globosa growth activity is summarized in Fig. 1.

2.4. Culture condition and yeast cell suspension preparation

The M. globosa, Guého & Guillot (1996) isolate used in this study was purchased from the American Type Culture Collection (MYA-
4889; ATCC), USA. All experiments were performed under biosafety level 2 guidelines and ATCC recommendations. Modified
Leeming-Notman media (MLN) were used as the culture medium, which is composed of 1 % (w/v) bacteriological peptone, 1 % (w/v)
D-glucose, 0.2 % (w/v) yeast extract, 0.8 % (w/v) ox bile, 1 % (v/v) glycerol, 0.5 x 1074 % (w/v) glycerol monostearate, 0.5 % (v/v)
Tween 60, and 2 % (v/v) olive oil, plus 1.5 % (w/v) agar for MLN agar medium (HiMedia, India). Culture stock of M. globosa was stored
in MLN broth mixed with 18 % (v/v) glycerol at —80 °C. The culture stock was thawed at 25 °C for 2-5 min and then suspended in MLN
broth (200-300 pL) and grown on MLN agar using the streak plate technique at 30 + 2 °C for 5-7 days (Incucell incubator, MMM
Medcenter, Germany). After that, a single colony (diameter of 1-2 mm) was picked and transferred to 20 mL of MLN broth. The culture
was grown at 30 °C for 7 days with shaking at 200 rpm before use as a working culture (New Brunswick Innova 44 incubator Shaker,
Eppendorf, Germany).

To prepare the yeast cell suspensions, yeast cells from the working culture were harvested by centrifugation at 15,322xg (12,000
rpm), room temperature for 5 min (5804R, FA-45-30-11 fixed angle rotor, Eppendorf, Germany). The pellets were collected and
washed twice by resuspending in sterile phosphate buffered saline (1x PBS, pH 7.2-7.4). For calibrating the yeast density (cells/mL),
the optical density at 600 nm (ODggo) was measured using a spectrophotometer (Thermo Scientific, USA) with PBS alone as the blank.
The yeast cells were stained with 0.01 % (w/v) methylene blue solution [methylene blue in 2 % (w/v) sodium citrate solution] at 1:1
(v/v) ratio and were counted using a hemocytometer (BOECO, Germany) under a light microscope.

2.5. Agar well diffusion assay

A target sample was tested for its inhibitory activity against M. globosa growth using the agar well diffusion assay modified from
Hendi et al. [36]. A small volume of the yeast cell suspension (~4 x 10° cells/mL final density) was dropped and swabbed with a sterile
cotton swab on MLN agar. Each well on the agar was made using a sterile cork borer (diameter 8 mm). A test sample dissolved in 100 uL
dimethyl sulfoxide (DMSO) at the desired target concentration (3.13-400 mg/mL) was added into each well, while DMSO alone was
used as the solvent control. The commercial drug, Ketoconazole (KTZ) was used at 2 or 4 pg/mL as a positive control. The agar plates
were incubated at 30 + 2 °C for 7-14 days before observing the results. The area around each well which showed no growth was
considered as a zone of inhibition. The diameter of each such zone of inhibition was measured in mm. The percentage of growth
inhibition was compared to that for KTZ and then calculated from the following formula [37]:

A
Percentage of growth inhibition (%) = ( B ) X 100

where A and B is the zone of inhibition (mm) of the test sample and KTZ, respectively.

2.6. Broth microdilution assay

From the obtained samples (CME, CMPE, CMPE1 or MG, and synthetic MG), those that exhibited the best antimicrobial activity in
the agar well diffusion assay were selected and their minimal inhibitory concentration (MIC) and minimal fungicidal concentration
(MFC) were determined using the broth microdilution method modified from Far et al. [38] and Gucwa et al. [39]. The experiment was
performed in a 96-well plate at a final volume of 200 L in each well, with a final yeast cell density of ~1-2 x 10° cells/mL. The sample
stock in DMSO was diluted to various concentrations (0.031-50 mg/mL) using 2x MLN broth. In some cases, Tween 60 was added as a
supplement as required to dissolve the sample. Sterile 2x MLN broth mixed with the appropriate solvent, and KTZ at concentrations of
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0.0025-0.8 mg/mL (in the same solvent) were also screened as solvent and positive controls, respectively. In addition, the same tested
compositions without inoculation (replaced by 1x PBS) were considered as a negative control within each treatment. The 96-well
plates were then cultured at 30 °C for 12 h with shaking at 80 rpm (LSI-3016R, LabTech, Thailand), whereafter 30 pL of 0.02 %
(v/w) resazurin was added to each well, gently mixed, and incubated under the same condition for a further 36 h (total 48 h). Finally,
the fluorescent intensity was measured using a microplate reader (EnSight Multimode Plate Reader, PerkinElmer, USA) operated at an
excitation wavelength of 540 nm and measuring the emission wavelength of 590 nm (Asgp). The lowest concentration that did not
change to pink or did not differ from its negative control was defined as the MIC. The percentage of growth inhibition was calculated
using the formula below:

FLU(A —a)] — [FLU (B —b
Percentage of growth inhibition (%) = ( [ ( a)] — | ( ) > x 100

FLU(A — a)

where A, B, a, and b are the Asgg values of the solvent control, test treatment, negative solvent control, and the negative test control,
respectively.

Subsequently, the ICso value was calculated using a non-linear regression analysis. A graph between percentage of inhibition (Y-
axis) and log concentrations (X-axis) of the tested extracts was plotted, and the ICs value was determined using GraphPad Prism 8.
Furthermore, aliquots (20 pL) from each treatment, ranging in concentration from the MIC to the highest used concentration were
dropped onto a MLN agar plate and incubated at 30 + 2 °C for 5-10 days. The lowest concentration in which no colony growth was
detected was defined as the MFC.

2.7. Inhibition of M. globosa lipase activity

2.7.1. Detection of extracellular lipase

A qualitative assay for lipase detection was performed to ensure lipophilic activity. Agar medium plates supplemented with the
lipid indicator Vitoria Blue B (TW60-Vic B agar) were prepared as reported [40,41], in addition to agar medium plates without in-
dicator dye (TW60 agar) [42]. The wells in the agar media were made using a sterile cork borer (diameter 4 mm). Then, a M. globosa
cell suspension (50 pL at a final density of ~10° cells/mL) was transferred to each well and incubated at 30 °C for either 1-2 days for
TW60-Vic B agar or 10-15 days for TW60 agar. The presence of lipase activity was revealed by a hazy or darker clearance zone in the
TW60-Vic B agar or a zone of calcium precipitation in the TW60 agar.

2.7.2. Preparation of crude lipase

Crude lipase from M. globosa was prepared from 7-day-old cultures containing M. globosa cell suspensions at an initial ODggg of 2
(~4 x 10° cells/mL) in 5 mL of MLN broth. After 7 days the inoculated culture was centrifuged at 3,830xg (6000 rpm), 4 °C for 10 min.
The supernatant was recovered and filtered through a 0.22 pm polyvinylidene fluoride (PVDF) syringe membrane filter to yield the cell
free culture supernatant (CFCS) as a crude lipase source.

2.7.3. Measurement of the inhibition of lipase activity: spectrophotometric analysis

A quantitative assay of lipase inhibition activity was conducted using a modification to the methods of Sivasankar et al. [43] and
Honnavar et al. [44]. The reaction was comprised of 1:9 (v/v) of crude lipase: reaction mixture. The reaction mixture was comprised of
[i] 1x vol. of substrate solution containing 0.3 % (w/v) p-nitrophenyl palmitate (pNPP) in propanol and [ii] 9x vol. of reaction buffer
[0.2 % (w/Vv) sodium desoxycholate and 0.1 % (w/v) gummi arabicum in 50 mM sodium phosphate (NapsPO4) buffer (pH 8.0)]. The
tested sample stocks were prepared in DMSO and were then diluted at various concentrations (0.0008-0.5 mg/mL) in the reaction
buffer. In some cases, Tween 60 was supplemented to a maximum final concentration of 0.05 % (v/v).

The assay was performed in a 1.5-mL microcentrifuge tube at a final volume of 100 pL. The tested sample (81 pL) was pre-warmed
at 30 °C for 30 min, rotating at 80 rpm, and then mixed with 10 pL of the CFCS (section 2.7.2) as a crude lipase source and incubated at
the same condition for another 30 min. After that, the substrate solution (9 pL) was added and the mixture was incubated for 2 h.
Subsequently, 2x vol. (200 pL) of 1 M Tris-HCI (pH 8.0) was added to stabilize the pH-dependent p-nitrophenol (pNP), centrifuged at
15,322xg (12,000 rpm), 4 °C, for 5 min, and 200 pL of supernatant was collected and transferred to a 96 well plate to measure its
absorbance at 410 nm (A4;0) using a microplate reader. The reaction containing the reaction mixture mixed with an appropriate
solvent was used as the solvent control, while the same composition except without crude lipase (replaced by sterile Type [ water) was
considered as a negative control within each treatment. The reaction with porcine pancreatic lipase (PPL) at a final concentration of
0.02 mg/mL was performed as a positive control. The percentage of lipase inhibition was calculated from the following formula:

ABS(A —a)] — |[ABS (B —
Percentage of lipase inhibition (%) = <[ S( a)] — [ABS (B — b)) ) x 100

ABS(A —a)

where: A, B, a, and b are defined as the A4 of the solvent control, test treatment, negative control of the solvent control, and the
negative control of the test treatment, respectively.

2.7.4. Inhibition of extracellular lipase: plate assay method
Using the same method as in the qualitative assay for lipase detection (section 2.7.1), the most active anti-M. globosa lipase activity
fraction (CMPE1) was also tested. At a final volume of 1 mL, an equal volume of CMPE1 in 2x MLN broth (concentrations 0.06-1.00
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mg/mL) and yeast cell suspension (density of ~107 cells/mL) were mixed and incubated at 30 °C for 24 h and 48 h with shaking at 200
rpm.

After reaching the indicated incubated time points, the yeast cells from each treatment were collected by centrifugation at
15,322xg (12,000 rpm), room temperature for 5 min. They were then washed twice with PBS, adjusted in cell density to obtain cell
suspensions (50 pL) in each well of TW60-Vic B agar of ~10° cells/mL final density. The agar medium plates were then incubated at
30 °C for 1-2 days before observing the results as previously described in section 2.7.1.

2.8. Data analysis

All experiments were performed in triplicate. The data are reported as the mean + one standard error/standard deviation of the
mean (mean + SEM/SD), determined by using Microsoft excel 365. Regression analysis was analyzed using Microsoft excel 365 or
GraphPad Prism 8. Statistical significance of the data was calculated by one-way ANOVA using IBM SPSS version 28, in which a p value
of <0.05 was accepted as a significant difference. Also, evaluations of normality test and homogeneity of variance test were
considered.

3. Results
3.1. Crude propolis extract from the stingless bee, G. thoracica

The raw propolis, as a black resin, from the stingless bee, G. thoracica, was collected from the hive entrance, edges, open space,
cerumen, and pots (Fig. 2A-D). Extraction of 145-150 g lots of propolis with 80 % (v/v) MeOH gave an average 22.41 g (15.46 %) of a
dark brown and sticky resin (CME). Subsequent partitioning of CME with hexane and CH,Cl; gave CHPE, CDPE, and CMPE at 2.54 g
(1.75 %), 7.89 g (5.44 %), and 2.56 g (1.77 %), respectively. All partitioned extracts appeared as a sticky resin, but were different in
color, as described in Table 1.

3.2. Primary screening of anti-M. globosa growth activity of the crude and partitioned propolis extracts

The CME, CHPE, CDPE, and CMPE were screened for antimicrobial activity against M. globosa using the agar well diffusion assay.
The zone of inhibition from CME was observed at concentrations from and above 200 mg/mL with diameter of 11.83 + 0.75 mm
(56.00 + 4.31 %) at 200 mg/mL (Fig. 3A). For the crude partitioned extracts, only CMPE exhibited anti-M. globosa activity, with the
lowest concentration being 12.5 mg/mL with an inhibition diameter of 9.00 + 0.52 mm (40.70 + 2.56 %). Thus, a lower MIC was
observed after partitioning. Therefore, the CMPE was chosen for further enrichment.

Fig. 2. Propolis collecting sites: (A) a man-made wooden hive used for meliponiculture, (B) the position of propolis at the entrance, (C) inside of a
G. thoracica hive, and (D) raw propolis sample of G. thoracica.
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Table 1

Appearance, TLC pattern, weight (g), and yield (%) of the obtained crude extract, partitioned extracts, and fractions from CMPE.
Extracts Appearance TLC pattern Weight (g) Yield™ (%)
CME Dark brown, sticky resin N/A 1P 22.41 15.46
CHPE Yellow, sticky resin N/A ) 2.54 1.75
CDPE Red-brown, sticky resin N/A [P 7.89 5.44
CMPE Dark brown, sticky resin N/A 1P 2.56 1.77
CMPE1 Yellow-brown, sticky liquid with white solid One sharp band 0.24 0.17
CMPE2 Red-brown, oily liquid Smear band 0.68 0.47
CMPE3 Dark-brown, sticky resin with slightly white and oily liquid Smear bands 1.98 1.37

@ Values were calculated by comparing to 145.0 g of the raw propolis.
> N/A indicates the values were not applicable or not tested.
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Fig. 3. Average diameter of the inhibition zone (mm) from the (A) CME, CHPE, CDPE, and CMPE samples at concentrations of 6.25-400 mg/mL,
and (B) CMPE1-3 at concentrations of 3.13-50 mg/mL. Note, KTZ at 2 or 4 pg/mL was used as the positive control within each treatment. Absenting
area of bar graph plot (square) indicates the values were not applicable. The SD of each data is shown above the graph bar.

3.3. Bioassay-guided fractionation and enrichment of anti-M. globosa compound(s)

Fractionation of CMPE using SGCC and pooling of the fractions with the same TLC profiles gave three different fractions: CMPE1,
CMPE2, and CMPE3 at 0.24 g (0.17 %), 0.68 g (0.47 %), and 1.98 g (1.37 %), respectively, with different appearances as summarized in
Table 1. The CMPE1 appeared as crystals, whereas CMPE2 was an oily liquid and CMPE3 was a sticky resin. The antimicrobial activity
of CMPE1-3 against M. globosa was preliminarily screened at concentrations of 3.13-50 mg/mL, where no antimicrobial activity
against M. globosa was detected with CMPE2, whereas both CMPE1 and CMPE3 exhibited zones of inhibition from concentrations of
12.50 mg/mL at 11.83 + 1.72 mm (46.36 + 6.22 %) and 9.67 + 0.82 mm (37.72 + 4.05 %), respectively, and above (Fig. 3B).
However, CMPE1 had the best antimicrobial activity because the zones of inhibition from CMPE3 were smaller and less stable at
increasing concentrations.

As CMPEL1 revealed the best antimicrobial activity against M. globosa and was likely to be almost pure due to the presence of a single
sharp band on the TLC plate (Supplement 1), the chemical structure of CMPE1 was further analyzed by NMR, with the results as
follows: 'H NMR (500 MHz, MeOH-d4) § 7.03 (s, 2H) and 3.81 (s, 3H); 13C NMR (125 MHz, MeOH-d,) 5 169.03, 146.51, 139.77,

o o
TCH4

HO OH
OH

Fig. 4. Chemical structure of MG [47].
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121.44, 110.02, and 52.26 (Supplement 2). Comparison of the obtained information with recorded data [45,46], revealed that the
structure of the bioactive compound in CMPE1 was methyl 3,4,5-trihydroxybenzoate (CsHgOs) or MG (Fig. 4).

Considering the results at the same concentration of 50 mg/mL from Fig. 5, MG caused a significantly higher percentage of growth
inhibition than the CME, CMPE, and CMPE3. The percentage inhibition by CMPE3 was numerically slightly, but not significantly (p >
0.05), lower than CMPE. Thus, further enrichment steps isolated and improved the activity of the extract, with MG having the best
antimicrobial activity. The zone of inhibition from the most potent samples from each extraction step is illustrated in Fig. 6A and B.

3.4. Determination of the MIC and MFC: broth microdilution assay

After primary screening, the potent anti-M. globosa extracts, including CME, CMPE, and MG were further determined for their MIC
and ICsg values. Since the amount of MG purified from the propolis was small, further MG was then successfully synthesized (Sup-
plement 1). The ICs5¢ values of both the purified MG (0.98 mM) and synthetic MG (1.19 mM) were close, and so they could be used to
replace each other. The obtained results are summarized in Table 2 and Fig. 7, along with those for KTZ (positive control) using
appropriate solvent control conditions. The MIC value for KTZ was 0.80 mg/mL in 10 % (v/v) DMSO with or without 5 % (v/v) Tween
60, while it was 0.03 mg/mL in 1 % or 2 % (v/v) DMSO.

With respect to the extracts, the MIC values decreased after more enrichment stages (more potent inhibition), in accord with the
results from the agar well diffusion assay. The MIC of CME, CMPE, and MG were 25.00, 6.25, and >0.13 mg/mL, respectively, and the
percentage of inhibition was dose-dependent in each case (Fig. 7A). At the same concentrations, 0.78-50.00 mg/mL, the percentage of
growth inhibition induced by CME (33.64-83.62 %) and CMPE (42.43-91.49 %) were not significantly different (p > 0.05, Dunnett’s
T3) (Fig. 7A). The estimated ICsg value of CME was 2.21 mg/mL (R2 = 0.9569), while those for CMPE and MG were lower at 1.22 mg/
mL (R? = 0.90) and 0.18 mg/mL (R% = 0.89), respectively.

Due to the poor solubility of the crude and partitioned extracts, the MFC of CME and CMPE were not determined. However, a
reduced colony growth after treatment with CME and CMPE was clearly detected at 50 mg/mL in both cases (Fig. 7B). The colony
growth pattern was visually decreased after treatment with MG at 16.29 mM (3.00 mg/mL) and dramatically reduced at 6.00 mg/mL.
The MFC values were indicated at 43.33 mM (8.00 mg/mL) of MG, where no colony growth was evident (Fig. 8).

3.5. Evaluation of M. globosa extracellular lipase inhibitory activity

In this work, the extracellular lipase activity from M. globosa was evaluated on TW60 agar and TW60-Vic B agar media to ensure
extracellular lipase secretion of M. globosa in these media. The extracellular lipase activities from TW60 agar and TW60-Vic B agar
were detected as opaque halos zones and darker transparent or hazy zones, respectively, after adding the yeast cells at a concentration
of at least 10° cells/mL (Fig. 9A and B).

Next, the samples were quantitatively assayed for lipase inhibition activity colorimetrically using pNPP as the substrate. Lipases can
hydrolyze pNPP to release pNP giving a yellowish coloration that can be measured at 405-410 nm in an alkaline buffer. This color-
imetric lipase assay revealed that CME exhibited lipase inhibition at 26.01-70.98 % in a dose-dependent manner at concentrations of
0.20-0.50 mg/mL (Fig. 10A). The partitioned extracts, CMPE, CDPE, and CHPE were then examined in comparison to CME at
0.025-0.1 mg/mL (Fig. 10B). All the crude and partitioned extracts revealed a clear lipase inhibition activity at these concentrations,
but the lipase inhibition activity of CME (34.95-39.80 %), CDPE (29.30-44.25 %), and CHPE (26.81-40.49 %) were neither clearly
dose-dependent over this tested concentration range nor significantly different (p > 0.05). On the other hand, CMPE exhibited the
highest lipase inhibition at 35.74-81.11 % in a dose-dependent manner. The lipase inhibitory activities of the CMPE1 and CMPE2
samples were lower than those of CME and CMPE, but were not significantly different (p > 0.05), whereas CMPE3 showed the lowest
activity at 0.02 mg/mL (Fig. 10C). Overall, it was clearly observed that the inhibition of M. globosa lipase activity was decreased with

100 [
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Fig. 5. Percentage growth inhibition of CME, CMPE, MG, and CMPE3 at 50 mg/mL in the agar well diffusion assay. Values were calculated relative
to the zone of inhibition of KTZ from each treatment. Data are shown as the mean + 1 SD. Means with a different superscript letter are significantly
different (p < 0.05; One-way ANOVA, Dunnett’s T3).
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A (B)

Fig. 6. Representative results from the agar well diffusion assay for (A) CMPE and (B) MG. The symbols “+27, “+4” and “-~” represent the positive
control (2 or 4 y g/mL KTZ) and solvent control (DMSO), respectively. The numbers represent the extract concentrations (mg/mL).

Table 2
The MIC and ICsq values against M. globosa growth from samples in different solvents.
Solvent control Tested samples MIC (mg/mL) ICso (mg/mL)
10 % DMSO and 5 % Tween 60 (or 10 % DMSO) CME 3.13 2.21
CMPE 1.56 1.22
KTZ 0.80 or 1.51 mM 0.77 or 1.45 mM
1 % DMSO (or 2 % DMSO) Purified MG >0.13 or 0.71 mM 0.18 or 0.98 mM
Synthetic MG >0.13 or 0.71 mM 0.22 or 1.19 mM
KTZ 0.03 or 0.06 mM 0.03 or 0.06 mM

further enrichment of the crude extracts.

Finally, the inhibition of lipase activity by MG was tested at higher concentrations by both quantitative and qualitative methods.
From the quantitative lipase assay results, the percentage of lipase inhibition by MG was 30.25-33.79 % at concentrations of
0.06-1.00 mg/mL or 0.33-5.43 mM (Fig. 11A). The detection of lipase activity in the TW60-Vic B agar medium (Fig. 11B) after
treatment of M. globosa with MG for 24 h clearly revealed a reduced intensity of the hazy zone in a dose-dependent manner. Similar
results were obtained when M. globosa were treated with MG for 48 h, except for the inhibition zone at 0.5 mg/mL (2.72 mM) that was
slightly more intense, but was still in accord with the previous quantitative lipase assay results, where the percentage of inhibition
decreased at that point (Fig. 11A). The control 48-h treatment had a more intense hazy zone as the longer time of incubation led to an
increased yeast growth and enhanced lipase activity, which can affect the inhibitory activity between the two time points. However,
the results from both different incubation times could better clarify the effect of MG on M. globosa extracellular lipase.

4. Discussion

Propolis is one of the most important bee products displaying strong antimicrobial activities [48,49]. It is a fascinating product that
has been utilized as a traditional medicine since ancient times. Initially, methanol was found to be a suitable extraction solvent for
anti-M. globosa activity, as seen in the CME and CMPE. Alcoholic extraction is the most popular approach and has been commonly used
in medical and food developments [50,51]. Moreover, it is a traditional propolis extraction method that is simple and effective,
yielding an extract that is low in wax but rich in bioactive compounds, especially polyphenolic components like flavonoids, phenolic
acids, and esters [52,53].

In this work, both agar well diffusion and broth microdilution assays were used to investigate the M. globosa growth inhibition
activity, while many previous works have used only a single assay [54-57]. There are many factors that might affect the sensitivity of a
given antimicrobial method, such as species and strain, inoculum size, culture medium type, interactions between the components and
solvent or diluent, formation of emulsion, time, and condition of incubation [58]. Thus, there is currently no specifically validated
procedure for determining the antifungal susceptibility of Malassezia sp., and the guidelines recommended by the CLSI and EUCAST do
not cover slowing the growth of the yeast [59]. However, the performance of both antimicrobial methods in this study confirmed the
anti-M. globosa growth activity of the G. thoracica propolis extracts because the overall trends of both assays coincided with each other.

The crude extract of propolis from Apis mellifera has previously been reported to have potential anti-Malassezia activity. For
example, the ethanolic extract or propolis tincture from A. mellifera exhibited the highest activity against 14 strains of M. pachydermatis
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Fig. 7. Percentage growth inhibition of M. globosa in the broth microdilution assay by (A) CME, CMPE, and MG along with (B) their representative
results in the resazurin assay and colony pattern. For CME and CMPE, the positive control was KTZ at 0.80 mg/mL and the solvent control was 10 %
(v/v) DMSO/5 % (v/v) Tween 60. For MG, the positive control was KTZ at 0.03 mg/mL and the solvent control was 1 % (v/v) DMSO were used. Data
are shown as the mean + 1 SEM.

Control 2.72 5.43 10.86  16.29 2172 2715 3258 3801 4344  48.87

n

430 (mM)
N

Rep. 1

Rep. 3

Fig. 8. Representative results of the resazurin assay (upper panel) and colony growth pattern of M. globosa (lower panel) after treatment with MG at
concentrations of 2.72-54.30 mM (0.50-10.00 mg/mL). Abbreviation: “rep.” represents technical replicate.

A)
Na,PO, buffer PPL 1x PBS 106 cells/mL 107 cells/mL

®)
Na,PO, buffer PPL 1x PBS 106 cells/mL 107 cells/mL

Fig. 9. Detection of the extracellular lipase activity from M. globosa on (A) agar medium supplemented with indicator dye (TW60-Vic B agar) and
(B) agar medium without indicator dye (TW60 agar). Note, PPL was used as a positive control along with M. globosa at a cell density of 10°-107
cells/mL, while Na,PO4 buffer and 1x PBS were used as negative solvent controls when examining PPL and the yeast cells, respectively.

compared to that with other bee products, such as honey and royal jelly. Furthermore, the ethanolic extract of Brazilian A. mellifera
propolis exhibited a MICs of 2.6 mg/mL and MFCyg of 5.3 mg/mL against M. pachydermatis isolated from dogs with canine otitis [60].
Moreover, the supercritical and ethanolic extracts of three types (green, red, and brown) of Brazilian A. mellifera propolis could inhibit
M. pachydermatis from both normal and resistant clinical isolates [61]. In addition, M. globosa, M. slooffiae, and M. pachydermatis
isolated from onychomycosis patients were susceptible to the ethanolic extract of Iranian propolis from A. mellifera at a MICgg of 2-6
pg/mL [54].
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For several decades, many active compounds of a known chemical structure have been reported from propolis and their identi-
fication allows quality control in drug development, and examination of the mechanism of action [62,63]. Here, SGCC fractionation
was used to further enrich the solvent extracts and two fractions, CMPE1 and CMPE3, were found to also present anti-M. globosa
growth activity. However, the inhibitory activity of CMPE3 appeared to be lower and unstable. Perhaps, further enrichment of CMPE3
may lead to an improved inhibitory activity. Overall, the data suggests that propolis from G. thoracica likely contains more than one
potential anti-M. globosa compound.

The chemical composition of propolis varies depending on many factors, such as the bee species, harvesting period, plant source,
geography, and environmental conditions. For example, propolis harvested in Brazil was different from propolis harvested in Europe,
North America, New Zealand, and Asia [64-66]. In this work, CMPE1 was found to be MG, a polyphenolic compound that is an
important ester of GA. It has been used in traditional Chinese medicine due to its variety of biological activities, including antioxidant,
antitumor, anti-inflammatory, anti-spasmodic, anti-atherogenic, and antimicrobial activities [67,68]. Although MG has been widely
reported to inhibit the growth of many microbes, such as Shigella dysenteriae, Streptococcus mutans, Bacillus cereus, Escherichia coli,
Candida albicans, Vibrio cholera, and herpes simplex virus type 2 [69-71], surprisingly, the anti-M. globosa growth activity of MG has
not been recorded. Besides propolis, which has plant resins as its main component, MG can be derived from plants directly, such as
Galla Rhois (Rhus chinensis L.), Toona sinensis, Rhus glabra, and Glochidion superbum [72]. In this study, propolis from G. thoracica was
collected from Samut Songkhram province, Thailand, which includes many natural features and different seasons. Also, stingless bees
have been recognized as an important and economic insect. The likely plant origins for the propolis used in this study was not
determined but is likely to be a mixture of resin from various plant species. Nonetheless, the isolation of MG from mango (Mangifera
indica) twigs has been recorded [73] and mango trees were found abundantly in the sample collecting area.

As almost all Malassezia species are lipid-dependent yeasts, the activities of extracellular lipases are vital for their survival and
pathogenesis roles. Thus, we investigated the efficiency of the propolis extracts to inhibit M. globosa lipase activity. The application of
more enrichment steps in this study appeared to decrease the lipase inhibitory activity. This could be a consequence of separating
synergistic components, since natural extracts are comprised of a variety of molecules leading to complex interactions between the
constituents [74]. The results also suggested that the lipase inhibition by MG might not be related to the inhibition of M. globosa
growth. At a low MG concentration, the growth inhibition by MG decreased in a dose-dependent manner, which might imply that MG
could still help to reduce the pathogenicity of this yeast at low concentrations. In accord with the anti-M. globosa lipase activity by MG
reported here, an anti-pancreatic lipase activity by MG was previously reported [75-77].

The mechanism of MG on anti-M. globosa activity is still unresolved, while other mechanisms of action by MG on bacteria have been
demonstrated, including membrane damaging, membrane hyperpolarization, DNA gyrase inhibition, and ATPase inhibition [78-80].
Hence, the mechanism of MG on anti-M. globosa activity should be further investigated. Further evaluation such as toxicity, ex vivo or in
vivo examination and also standardization in the case of crude extract usage are encouraged for future drugs development, supple-
ments, and additives in cosmetic or other products.

5. Conclusion

Thai propolis from G. thoracica is a potential effective source for searching new anti-Malassezia agents. The constituents in the
propolis extracts from G. thoracica appeared to display a synergistic mode against M. globosa extracellular lipase activity. A potent
lipase inhibition activity was present in both the CME and CMPE. However, MG, the main active compound, does not relate to
extracellular lipase inhibition. Since MG reduced the pathogenicity of M. globosa at very low concentrations, it could be useful in
avoiding side effects at higher doses. This is the first report of MG as a potential anti-M. globosa compound from a natural resource. In
the future, it is possible that MG could be further developed as an alternative new anti-Malassezia drug.
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