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Mechanism of quercetin-induced apoptosis in Trichosporon asahii
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Abstract: [Objective] To evaluate the in vitro antifungal activity of quercetin against Trichosporon
asahii and investigate its molecular mechanism of inducing fungal apoptosis. [Methods] According
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to the CLSI M27-A3 protocol, the inhibitory effects of quercetin on planktonic cells and biofilm
formation of nine 7. asahii strains were determined. On this basis, changes in intracellular reactive
oxygen species (ROS) level, mitochondrial membrane potential (MMP), and cysteinyl aspartate-
specific proteinase 3 (Caspase-3) activity were measured following quercetin intervention.
Subsequently, transcriptome sequencing was utilized to verify and analyze the differentially
expressed genes. [Results] The minimum inhibitory concentrations (MICs) of quercetin against
T. asahii ranged from 8 to 32 pg/mL, and quercetin effectively inhibited biofilm formation. Cellular
experiments indicated that quercetin triggered apoptosis by inducing ROS accumulation, reducing
MMP, and activating Caspase-3. Transcriptomic data further confirmed the aforementioned
mechanisms at the gene expression level. [Conclusion] Quercetin exerts antifungal activity against

T. asahii primarily by inducing oxidative stress-mediated apoptosis.
Keywords: quercetin; antifungal; Trichosporon asahii
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T W EZMBRMEIT Trichosporon asahiilkjheh
HMICE
Table 1

Trichosporon asahii

MIC of quercetin and fluconazole against

Strain MIC (pg/mL)
Fluconazole Quercetin

CBS 2479 4 32
0901 4 16
0705 4 32
06198 4 16
0902 4 32
0701 4 32
0703 4 32
04782 4 8
08012 4 32

2.2 MR ZXTREERERFEAE K
H1ER

J BTG 2 X T asahii (RSN KM
TROR , AAFFE R IR SR k247 ] Ak 53
BT o W AN TR e 2 i e 2R 4 B0 T 20 O o)
FE 10, 100 2 1 000 &% 5 A, AR 2 M e bk
CBS 2479 5 BMT 0901 25 - A4n1& 1A fiw .
Bl R RV BT, TRVR RS N, B
BB, 761000 R BRAME T, 25T
DL ERA B AL SRR VR AEAE o %45 Rk — 2k
S M R AERSN T A AN T asahii K
LRI S e B s
23 WHERTHEMEEN

K H CCK-8 i: K B2 Z= AT T asahii 44 i
IR, WE 1B Ui, T asahii b AR
CBS 2479 £ 32 pg/mL F1 64 pg/mL #i fz 2% kb 34
24h 5, HHEIE T153 5 36%. 27% (P<0.05),
PEIRM e RAERSN O] R 2506 T asahii 20 M3
71, HEWRBEHE
24 FIHEEEIR

F s s R BoR (K 10), XRA T asahii
oL FPA 22 48 FHE TR TN, RTd G 2,
72 BEE,, AUCH B8, 4 32 pg/mL

P4 actamicro@im.ac.cn, 7 010-64807516

Wit iz ZZALFRAY) T, asahii JEASAFHN, FE LR,
F oy AN UAT WL E SRR, DA 22 B
BRI, REREFMTFHLNES, Xy
LRI, W RES0R T asahii IEHTEA
2.5 HYIPRIG

SR XTT 5 25 5 58 G (o D Al A= P 1
RGNS S AW (K 2), 4R SR, MRS
T. asahii =45 K% F B Be ) S A [A] F2 BE (i
HERH, HEFEREMN . XTT R4 R BN,
32 pg/mL Hipe 20T AT R A A S Y 6 B 5 0
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Bl R EZHEIESE A FEISEHRII MBI, A: HIRCBS 2479MBMT 090115 i1
Fikks; B: ALY BE CBS 247909 4TS J1IE (n=3) (FAERIFIAALL, ****. P<0.000 1);
C: 4 FL B (SEM) WL 20 i 26 THT P T s A AL

Figure 1 Quercetin inhibits the proliferation of 7richosporon asahii and disrupts cellular ultrastructure. A: To
visualize quercetin’s inhibitory effects on 7. asahii growth, agar spot assays were conducted using representative
strains CBS 2479 and BMT 0901 diluted 10, 100, and 1 000 fold; B: Following treatment with 7. asahii (standard
strain CBS 2479), CCK-8 assay results were assessed at varying doses (n=3) (****:. P<0.000 1 vs. growth

control); C: Scanning electron microscopy (SEM) revealed the ultrastructural details of cell surfaces.
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B2 WEEXMMERSERTEEVENIFI. A, B: AN[EI 2003 F B B YA )
ARG TERSE s C. D AS[EJR BE E 2R A0 B IE i B B AR M 5 AE e A TR PR 520 B Fe
A [] e FEE A Bz 2R A B0 s B AR P R A P RS MR RS2 . *3RINP<0.05; #**3RIRP<0.001; *#%*
FRP<0.000 1; ns3R/s TG 3 2 5 (P>0.05).

Figure 2 Inhibitory effects of quercetin on Trichosporon asahii biofilms. A, B: Effects of quercetin at different
concentrations on biofilm biomass and metabolic activity during the adhesion stage; C, D: Effects of quercetin at
different concentrations on biofilm biomass and metabolic activity during the formation stage; E, F: Effects of
quercetin at different concentrations on biofilm biomass and metabolic activity during the maturation stage. *:
P<0.05; ***: P<0.001; ****: P<0.000 1; ns: No significant difference (P>0.05).
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Figure 3 Inhibitory effect of quercetin on biofilm formation at different stages. Crystal violet staining revealed a

significant reduction in biofilm biomass in drug-treated groups at 6, 24, and 48 h.
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Figure 4 Quercetin induces intracellular ROS accumulation and reduces mitochondrial membrane potential in
Trichosporon asahii. A, B: Intracellular ROS levels assessed by fluorescence microscopy (A) and quantitative

analysis (B); C: Visualization of mitochondrial membrane potential (MMP). ****: P<0.000 1.
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Figure 5 Effect of quercetin on metacaspase activity
in Trichosporon asahii. **: P<0.01; ***: P<(0.001.
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Figure 6 Evaluation of the effect of Z-VAD-FMK
on quercetin-induced inhibition of Trichosporon
asahii proliferation by the CCK-8 method. ****:
P<0.000 1.
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Figure 7 Transcriptome differences induced by quercetin in Trichosporon asahii CBS 2479. A: Heatmap of
DEGs; B: Volcano plot of DEGs (Red represents upregulated DEGs, and blue represents downregulated DEGs);
C: Top 15 KEGG pathways; D-F: Top 10 biological processes/cellular component/molecular function terms in

GO categories.
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EAL IR JEL 1 PE(GO: 0016491) ., 45 4 (GO:
0050662) Fl i AL 7% 74 (GO: 0003824) L4 ) 72 &

R2 WEETFHMNFERERTFREEREFRNEREE
Table 2 Top 20 DEGs in Trichosporon asahii responding to quercetin

ID Symbol log, FC Description Regulation
ncbi 25989881  A1Q1 06369 11.234 817430 NmrA-like domain-containing protein Up
ncbi 25988470  A1Q1 04958 10.563 514 080 Large ribosomal subunit protein eL.34 Up
ncbi 25990518  A1Q1 07006 10.141 681420 EF-hand domain-containing protein Up
ncbi 25989040 A1Q1 05528 10.031 586 340  G-protein alpha subunit Cga2 Up
ncbi 25990741  A1Q1 07229  9.757 667 798  ATPase Up
ncbi 25989086  A1Q1 05574  9.698 704 667  Glycosyl hydrolase family 13 catalytic domain-containing Up
protein
ncbi 25987771  A1Q1 04258 9.667 111 542  Tryptophan synthase beta chain-like PALP domain-containing Up
protein

ncbi 25988167  A1Q1_04655 9.635 415827 FYVE-type domain-containing protein Up
ncbi_ 25988051  A1Q1_04538 9.534 627 120  Aldehyde dehydrogenase domain-containing protein Up
ncbi 25988835  A1Q1 05323 9.017 736 364 Membrane organization and biogenesis-related protein Up
ncbi 25984572 A1Q1 01058 -10.835341 700 Transcription factor domain-containing protein Down
ncbi_25984571  A1Q1 01057 -10.772 125900 SnoaL-like domain-containing protein Down
ncbi 25990224  A1Q1 06712 -10.584 649 380 Cytochrome ¢ oxidase subunit Down
ncbi 25987136  A1Q1 03623 -10.460 455900 Cystathionine gamma-lyase (EC 4.4.1.1) (gamma-cystathionase) Down
ncbi_ 25985669  A1Q1 02155 -10.399 811 960  Structural constituent of ribosome Down
ncbi 25990385 A1Q1 06873 -10.327 178 360  Uncharacterized protein Down
ncbi 25990787  A1Q1 07275 -9.260 527 550  Autophagy-related protein 11 Down
ncbi 25986821  A1Q1 03308 -9.168 655733  Transferase family protein Down
ncbi 25991388  A1Ql 07876 —8.645415018 Hypothetical protein Down
ncbi 25986770  A1Q1_03257 -8.201 912314 D-lactate dehydrogenase (cytochrome) (EC 1.1.2.4) Down
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