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Abstract: [Objective] To investigate the antifungal activity of Kobusin against Trichophyton
interdigitale and its underlying mechanisms. [Methods] The minimal inhibitory concentration
(MIC) of Kobusin was determined by the broth microdilution assay. The inhibitory effect of
Kobusin on spore germination was observed microscopically, while that on hyphal radial growth
was assessed on the agar plates containing Kobusin. Scanning electron microscopy (SEM) was
employed to examine the morphological alterations in hyphae. Fluorescence microscopy and
nucleic acid and protein leakage assays were employed to evaluated cell membrane integrity.
Malvern Zetasizer was used to measure the changes in Zeta potential. A microplate reader was used
to measure transmembrane potential, alkaline phosphatase (AKP) activity, malondialdehyde
(MDA) content, reactive oxygen species (ROS) accumulation, superoxide dismutase (SOD),
catalase (CAT), and peroxidase (POD) activities, mitochondrial membrane potential (MMP), ATP
levels, as well as succinate dehydrogenase (SDH) and malate dehydrogenase (MDH) activities.
[Results] Kobusin exhibited a MIC of 39 png/mL against T. interdigitale, significantly inhibiting
spore germination and hyphal growth. SEM revealed severe ultrastructural damage to hyphae.
Fluorescence microscopy confirmed compromised membrane integrity, evidenced by increased
nucleic acid and protein leakage and disrupted Zeta/transmembrane potentials. Meanwhile,
Kobusin significantly increased the MDA content and ROS accumulation, inhibited the activities of
AKP, SOD, CAT, and POD, markedly reduced MMP, decreased ATP synthesis, and weakened the
activities of SDH and MDH. [Conclusion] Kobusin exerts antifungal effects by inhibiting spore
germination and hyphal growth, disrupting cell membrane and cell wall integrity, interfering with
membrane potential stability, inducing oxidative stress damage, and impairing mitochondrial
energy metabolism.

Keywords: Trichophyton interdigitale; Kobusin; antifungal mechanism
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Figure 1

Chemical structure of Kobusin!®.
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(Guangdong Microbial Culture Collection Center,
GDMCQ), AM5E it H T interdigitale 73 NIEEL
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AR AR R A A 5 20,7 A
& & — & M fig (2', 7'-dichlorodihydrofluorescein
diacetate, DCFH-DA), _IERIH T A AL BeA7y
AMRAT; JokOlE, HENARLTER)A R
AT EREGE, EPOOCIIA T AL,
IR AL R Tl AR 254t — FF 3P AR (dimethyl
sulfoxide, DMSO). @Afbah. S8 . ffte
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concentration, MIC) ", 5 ¥ Kobusin i# T
DMSO, it i W Bl 625 pg/mL i9ER W, B
100 puL fiIlA 96 FLAR S 1 fL, Bl S HEA 765 s
BEEE 11 FL, 25 12 fLIR AR as FIRR,
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K F AR B L 2 8% (thiobarbituric acid, TBA)
% & N — ¥ (malondialdehyde, MDA) %5 & .
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(0. 12xMIC, 1xMIC. 2xMIC)4b B 24 h J5 ,
WEE 02 g W22, A 2mL 10% 1) =5 LR
(trichloroacetic acid, TCA)fdf FIC IR EE AL A T4
WAL, K TCA FUUMASIK il S AP [
£ 3 mL, 8 000xg &0y 10 min, B I3
2mL 5 0.6% TBA 2 mL {4, 100 °C/KI Nk
20 min, VKA HIE FIRLL 8 000xg #5:L> 10 min,
FHBEARAE 450, 532, 600 nm 4B E b5 WY
WOLRE . MDA & s MR AR ()R .

MDA (umol/g)=
[6.45%(A530~A600)—0.56%Ass0]xVy/ WXV (1)
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IR s VO SRBOR BB v il e A
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R
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BT RIE 2h, AHE, HETE4°CT
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2. BfiJE, SMA 10 pmol/L DCFH-DA %¢YGHE
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FH PBS V¥ 3 k)5, HiGfE PBS £ Pl B
i, I e B AR AR IO DK 488 nm, & 4T
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BEE RSN
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AP, ARG T H 53, 4R
JGTE 4 °CF L 8 000xg &5.0> 10 min, Y F i
W o T FRORE 7 7 e U B A T
SOD. CAT #I POD HyfH 1
1.14 Kobusin X} 7. interdigitale %% R %
IhRERY SN
1.14.1  ZRRI{RfEER {12

¥ T interdigitale 18 73 5 AN [R] ki
Kobusin (0, 1/2xMIC, 1xMIC, 2xMIC)4b# 2 h
Ja, LA 8 000xg B .0 10 min, F L3 J5 A
0.5 mL JC-1 P iR & 34%), e T 25-28 °C
FrFR i Bt S 20 min, FESERUS, 8 000xg
B0 Smin, 3BV, A JC-1 Y57 sl TR
3K, o I PR AR (SR I 2T €8 56 ' (& I K
550 nm, & B 600 nm) R4 (058 (8 A& D%
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JC-1IE =21 DL i /4R (TR E (2)
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¥ T interdigitale W 22 & H A 7] ¥ BE (0.
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W 0.2 g W22 )5, FHJCHE A B ER K UE i i 22
T, I ABRIOR, it ARG IR A B ASORT T 22 1Ak ik
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WCEE BB, TR e B AR BB AR e
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1.15 Sit=Ea0Hh
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2 F % E N P<0.05, LA Origin 2022 K
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PURSRE R HIH8h5 . BRIV FE Y Kobusin 1F
HT T interdigitale J5lxEH MIC, @& 2 FiR,
Kobusin X} T. interdigitale /) MIC {H} 39 ug/mL,
7~ Kobusin Xf T. interdigitale F. A5 B W)
HYEH.
2.2 Kobusin X} T. interdigitale 8 FF &
K221 [ KRR

B IR TR AEAE S A R 22 2 PR A
Moy AR R T s R RS sk — 2P
RIFIE R 224K, TR 22 AR W5 sk 4 b N DD 2 1
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] £ KA 30 19.90%. B % Kobusin ¥ T
= 2xMIC, 71 & 8 2 PR R 2 10.86%,
(i) of T 22 A8 o) A= A AR B T 22 84.55%. &1 3C
JE/R T ARk B Kobusin Z¥E T 7. interdigitale
MR 22 RRDE, 453K W] Kobusin BE 2
T. interdigitale W ¥ Wi & M 2242 m A K, H
PP FH 52 300 308 2 Pk AR 1 (P<0.05) .

141 —=—312.00 pg/mL
—e—156.00 pg/mL
L2 —a—78.00 pg/mL
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LOF o 1950 ug/mL
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——4.88 ug/mL
0.6 - —o—2.44 pg/mL

—*—1.22 pg/mL
—a— Control

0.8F
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04 r

02r
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&2 KobusinX Trichophyton interdigitale B3I B &
EtE
Figure 2 Antifungal activity of Kobusin against

Trichophyton interdigitale.
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Figure 3  Effects of Kobusin on spore germination and hyphal radial growth in Trichophyton interdigitale. A:

Spore germination; B: Hyphal radial growth; C: Hyphal growth morphology. Different lowercase letters indicate

statistically significant differences (P<0.05).
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RiR(E SA-5D), XHRA[UERIMETOE, £
B 240 Jif0 S 25 4 5 8 . B Kobusin &b 3y FF 3%
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JH R B B T A2 A
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4 Kobusin¥t Trichophyton interdigitale ™ 22 A F, S HOFAFEEE F EMBE N3 000x). A: XTHE4]; B:

12xMIC#1; C: 1xMICH].

Figure 4 Scanning electron microscopic observation of hyphal morphology in Trichophyton interdigitale treated
with Kobusin (3 000x). A: Control; B: 1/2xMIC; C: 1xMIC.
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Figure 5 Effects of Kobusin on cell membrane integrity in Trichophyton interdigitale. A: Control; B: 1/2xMIC;

C: 1xMIC; D: 2xMIC; E: Nucleic acid and protein leakage. Different lowercase letters indicate statistically

significant differences (P<0.05).
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