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Usnic acid from lichens: a review of its activity against phytopathogenic fungi and
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Cao Shulin' Jiang Cong® Wang Yanyan® Chen Huaigu' Li Wei"

(1. Institute of Plant Protection, Jiangsu Academy of Agricultural Sciences, Nanjing 210000, Jiangsu Province, China;
2. College of Plant Protection, Northwest A&F University, Yangling 712100, Shaanxi Province, China; 3. College of
Agriculture and Biotechnology, Sun Yat-Sen University, Guangzhou 510275, Guangdong Province, China)

Abstract: Disease caused by phytopathogenic fungi poses a serious threat to global agricultural produc-
tion. Prolonged overuse of chemical fungicides has exacerbated critical issues including widespread
pathogen resistance and persistent pesticide residues, thereby highlighting an urgent demand for green
pesticides with novel modes of action. Usnic acid (UA), a dibenzofuran-type secondary metabolite
uniquely biosynthesized by lichens, has attracted considerable attention due to its broad-spectrum bioac-
tivities. Studies have shown that UA exhibits significant inhibitory activity against the Gram-positive
bacteria as well as several plant pathogenic fungi, such as Fusarium spp. and Colletotrichum spp. In

bacterial and animal systems, its mechanisms of action involve multiple targets, including disruption of
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cell membrane integrity, interference with energy metabolism, chelation of metal cofactors, and inhibi-
tion of nucleic acid synthesis. However, research on its activity against plant pathogens remains limited,
with only sporadic reports over the past two decades, and faces bottlenecks such as an unclear mode of
action, poor solubility, and insufficient ecological safety assessment. Based on this background, this
review systematically summarizes the chemical properties, pharmacological activities, antimicrobial
effects, and underlying mechanisms of UA, with a particular focus on its recent advances and potential
agricultural application against plant pathogenic fungi. Furthermore, we propose the hypothesis that UA
may inhibit plant pathogenic fungi by suppressing cell wall synthesis and/or interfering with ergosterol
metabolism. We also suggest that strategies such as omics technologies, molecular docking, and genetic
validation should be employed to elucidate its molecular targets. Future studies should focus on struc-
tural modification and formulation optimization to improve its selectivity and environmental compatibil-

ity, systematically evaluating its impact on non-target organisms, and thereby promote UA as a promis-

ing lead compound for green pesticides.
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Magnaporthe oryzae F1 iR JH [ Colletotrichum spp. %
SUEAEYE BRSO i ok
JAR B2 A SR BEAR E (T BKAE , 20215 5K 2 AR
TIRL,2022) . HHEI, s F B 45 =AM A7 R TR
BRI o B NS & T H 2™ 02 s bt
PR R, B S EUE R 5 B AR TS YA
[ (R #5 FRE4F,2018) o PRI, FF R ik KRR AR
AT R A 2 % B3R R A A O B 40 1) 3 1)
Ko

TEME ST, KR Y R HAs M e AL
TR A= Py Pl AR SR R B R ek 25 B
Y B G S 46 & ¥ % J%E (Dayan et al., 2009; Jin et
al.,2021;Cao et al.,2024) ., HAIEEFH 5HA4Y
(&35 Chlorophyta o, i 41 & Cyanobacteria) ¥4 1,
FoE AL AE AR 78 & Ll AR VDB A AR i PR
HEA TR ) B AR RE T, G ) R A AR R
AEPTEPET 2 AU AE A ) TERRAR PR BE IbhiA |k
G Bl B N AT T D R e B A T A OGS
JH (Singh et al.,2025; Tian et al.,2025) . &4 M1k,
T HAC H &2 B 1 000 AR FPR A=A R4 , Hor 80%
FEH A A Yy b R WLARAE | X e b & R I &R
FHABE A TR 7] ) BEAER I

FER A=W, B 8 R R 58 i IR A H
AR ZW I G Mz — . 20 ThA
)& Cladonia ¥ 3 & Usnea . 25551 )& Lecanora W&
J& Alectoria R A )@ Evernia M¥MGAK J& Parmelia %
PR (E 1) (B4, 2020) . WFFE A, FA S

1% g 38 o3 22 ) e SR T 6 s it A A SR T % , P20 At
{6, % P450 i (cytochrome P450 enzymes, CYP450)
R AL AL R I S5 B 20 B i (Abdel-Hameed et
al., 2016; Pizarro et al., 2020) . HAk~#fy 4 H 2, 6-
T OERE-T,9- TR -8, 9b- — H1 E-1,3 (2H, 9bH ) -
TORIF WK R AR (-) - B R AN (+) AN TR
2 Ak R (Ingolfsdottir, 2002) (K 1) .
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AR AN HIVE R o [RIE, B X 24 TR AR an it HH 480
VUMK 4 35 A 4 BRI (methicillin-resistant Staphylococ-
cus aureus , MRSA) 1,7 B 2 4100 1] 15 P | 3 7 i e
e DA TS 245 4 () 8y 1T EL AR o 1) 0 FH (i (Zhang
et al.,2023; Gangwar et al.,2025) . BRETH SN, #A5
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Fig. 1 Usnic acid-producing lichens and their applications
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(McCune & Geiser,1997) . il se v Jic i FH AR 35
U. barbataif¥7 WK 2 559595 (Shibata et al., 1948)
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Yz —. 18444 TEE Pl 2% 5 Knop 1 K MUK & 1l
A 43 L FA B R (Schnedermann & Knop, 1845) .
BRI RS Y, H C-Ob A7 Tk
O AFAE (F) -FABE TR 5 (=) - B R 2 Ffooxof B S A 44
T 2 B R PR, L2 R K R R e, L&
1981 4F , Huneck et al. (1981) FI F X 5 £k 8 54 407 5t
FEAR BT 72 (+) -5 BR ) C-9b A RFGHY, (—)-F
BRI SHARY, X —Z5 AT A B TR S &
BT LA B S AL ARG S T Skl

20 th2d 60 AR LA, Bifi 5 2% (035 L /= A50RAH
o3k KOtk E 5 R 2RO I P & T, A {2
WS T R . 2 1996 4F , B 4% E AR TR
e AR By a1 000 Fh (Huneck, 1999; Singh et
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151, W R AR A A B3 2 RS PR S AR
P57 (Ingolfsdottir, 2002)
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B SR AR S B2 R R 2
SHPRIEYE . 1973 4F, Vartia (1973) 38 1 41 &5 J@ i
Vv T W 45 8% 19368 9T 5 1995 4, Okuyama et al.
(1995) 45 Hi #/s 55 J M4 76 Y A E I FTER I b [X %
IR AR bE . HLAh , ZEFTHRAE , 415 85 J& Hi A UL
densirostra # FHl T 2% fift i & 2 PP AN 36 5E IR (Corre-
che’ et al., 1998) . TEI5 >4, B & J& B9 K & Hb A&
Ramalina thrausta BE 7] ANEORE YT 10 | 45 Bz ik
(R R, A, AT 11 IR L2 2 £k AT 0 498 (Ingolfsdottir,
2002) . SR FRTE Z U0 RS B T UESS R
A A PR A B RS B, (HL ply T4 B TR 2 X S i A
P EAE ) 2 — X SR G i FH A AR 24 34
DR T E LR,

P B TR TR IT 58 24 T 20 tiE 2 it X A2
T HAAL G W AP AE 20 T I MR R4, B
SRR I AR, R T T2 . HR
it 1950 4% 2 1959 4% (0], A7 64 K & THA SR 1Y)
SEARIE SRR WG 22 4 v T LR I PR Jt o 2% [R
FHAEAN B I VE R . 20 140 60 4548, BRI CL 4
PSSR R 2 AR B, Tz i T3 s B ik
BSERAE AIATT o 2 TO4EAR, Iy B R WA BT
TETERYPCIR IR G P, FRUCHES T AT A A i ™
W25 AP ERER R ARSIt il 2 AR AL

AR 1S AR )20 5 R T B R K™
YIRS sl 0 )z O3 IR HESh T 2T A S
S IEPEVESY o AIFSY TS AR AL G 2 BN T
&2 RGBT AL SRS F Ao . R, 2
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BT XA DL TR B AR N FH A A 4G
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2.1.1 WHBRBEBRMYGLAABZINAFR

ST A, AR E H A W B e b B
SR TS H 2R A T B R R
b B 7K 77 37 58 4 22 7 1A 8 AV M (B . Sepah-
vand et al. (2021) £ T4 2 @ s A $2 Uy i Pe i
W AW TE A LA R 2 PR, FL ST hL B B ARG
WF 53 18 55 2003 4F 2 2017 4F 0] & & 09 11 5 5% C
ko A B A I A O T PR B LA B TRk 3, I

T LA HOAR AR T R PN 5 25 R AR A AU . S Rk
FERTHR IS P BAT 355 0], DY R B 1) T
WE T HEE T CR OBRFKEER , K FEH
YL B i 15 1 (Madamombe & Afolayan,
2003) . FATH, RIS R FHAR RIS, A [F] 3t A 4y Aof ]
P RSCR MAETE R R 22 5 o BN, i ASAs B A TN
T £ 4y %o} i B i Aspergillus . 6 SR Candida
albicans FH BRI FRER B Cryptococcus albidus B 5%
TR B MIC,, K 4.94~21.55 pg/mL, T 254 8 (/)TN
il B %o 38 o3 Hh 2 g 5 B & Penicillium BB 1
MIC 53k 12 500 pg/mL, ¥ 4 8 2 2k 3 /9 MIC
6 250 pg/mL (Behera et al., 2012; Rankovi¢ et al.,
2012) . (HASUE RIS, Qi LA B U ghattensis Fl
WA E U, undulata 5535857 5 58 BRI 25 )8
HIA 1 TN B ) S 7 B B A s s TR P
TEVR O 1 mg/mL I, 2 Fob i 4 38 o (ol
P ] 6 34 ) 50% , I rp sy 1R A B PR U X 22 AR
JE I I Bipolaris sorokiniana W] 2K 1] 15 89%
(Mesta et al.,2016) . H T AR PEEO A
TEPEVPAN R RAEAE 25 5, B ATME LS 5 b WP b
A FE I X A L A R 5 SR A, AE T AR ff
PSR , A 3 J M A A R A A Y A Tz B4 A
SHER G, P SR HAZ O K5 T
K]

WA, At b AR e Fr) P Ut 1 4 B B
B PE(F 1) Tiwari et al. (201D #F5E & B, B 547
ATt DX PR 1 A P A D 5 P R BB X A 7 e 0
F. oxysporum . i J& J2 9k 0 F. solani FK; 21 9 1l F,
roseum 5 22 FIAE )0 i FL o ELA W R A E A, 2
BCRAR T X B 2GR . (R % i
KR 2 A, fumigatus D0 AAEY)IR I ELTRPEAL . F5C
AR A AR SR YR IR I, MRS AR T4
FREREE b5 | S e R AT A i IR el 4 SR i A
RPN R, HE R IE RT L 259 . Rt
J BRI A e P s e A A FH AR TR FRIVE X |, I
LU T OCHEAE YR i LT B B AR T A AR
N FH¥E 77 . Ristic et al. (2016) PEAL T 2 B 46 J&8 Hb
KAPAER. fraxinea MK AE R. fastigiata HA=H)1G
P | AT 25 SR 3R W DA A6 178 DA 4 S % B TR A A
% Cladosporium cladosporioides A3 054t 55 % 16
Alternaria alternata F1 [ 4 72K 18 47 2% B 4100 1) 4
H O MIC 4 1.25~2.50 mg/mL. #R107, VA EAfFgE R
XTSI AT 53534 , Toi WA i A B TR S R A
B9 YE . Furmanek et al. (2022) RGLZE0R T Hi K
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T 5 S R SRR A S R R AR IR O . R

ZEIR IS [F 5 T A S T TR PR 22 SRR Tl R 435 L H
Hr Gn 3k 22 ik 16 F. avenaceum . K 43 ik 6 E. gra-
minearum JFOGRAE T -G A6 FN T T e S 7 5% [
FERG /N SRR SEVIAGZE0R KBRS DL SR
AR ZE B 55 1) EEEAE % S T (Ma et al., 2013) ¢
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Table 1 Study on the antifungal activity of usnic acid, its derivatives, and lichen extracts

IRETT % (8 hR)

Yyt I FAl PLEEEYE 2% 30k
Substance Fungi Type Assay method Antifungal Reference
& M (index) &
(=)-PABTR RSty FE R i L i I GFN A, 100 pg/disc  Broksa et
(-)-usnic acid Verticillium alboatrum  Phytopathogenic fungi Disk diffusion assay al., 1996
GENE NS &=y E SEE O] A, 100 pg/disc
Penicillium frequentans  Opportunistic pathogen of
humans and animals
(+)- A2 TR TP P £ B[ o] PR NA Cardarelli
(+)-usnic acid Saccharomyces cerevisiae Non-pathogenic fungi Respirometric etal., 1997
method
PR AR A FE 9 I LR SERR I E R (EC,,) 100 pg/mL
Fusarium moniliforme  Phytopathogenic fungi Plate assay (EC,,)
AR BRERESZNT ] NE RS EORE ik - Yilmaz et
Usnic acid Candida albicans Opportunistic pathogen of Disk diffusion assay al., 2004;
humans and animals Nithyanand
etal., 2015
IEMR BRI NBEShrgomm MEmARL(C,) 1.95ug/mL  Piresetal.,
Candida orthopsilosis ~ Opportunistic pathogen of Microdilution 2012
humans and animals method (IC,))
U SR VNS &IPS US| 1.95 pg/mL
Candida parapsilosis Opportunistic pathogen of
humans and animals
B i) T LT A E R (BCy)  NA Paguirigan
Alternaria alternata Phytopathogenic fungi Plate assay (EC,,) et al., 2022
PRSI 5 S LT PA
Alternaria mali Phytopathogenic fungi
JBE At B R He LA PA
Colletotrichum Phytopathogenic fungi
gloeosporioides
TsAg Rk 1] e 2 B T IR A, 18.07 pg/mL
Diaporthe actinidiae Phytopathogenic fungi
IAFRA T A LACR AT NA
Fusarium oxysporum Phytopathogenic fungi
f. sp. lycopersici
RAT LKL TH HYG LA PA
Rhizoctonia cerealis Phytopathogenic fungi
SEAG AT L5 S5 LT NA
Rhizoctonia solani Phytopathogenic fungi
ey HEY I EL A A, >50 pg/mL
Sclerotinia sclerotiorum Phytopathogenic fungi
JKA TR Y I LT PA
Botrytis cinerea Phytopathogenic fungi
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Wi 17 $o WEIREUED) w25 30m
Substance Fungi Type Assay method Antifungal Reference
& P (index) &
I P FEE A HY I EL T PA
Botryosphaeria dothidea Phytopathogenic fungi
AR R) PR 5 P T S L P A, 1.47 pg/mL
Diaporthe eres Phytopathogenic fungi
FABIRATAY) H @S ER R NS Eomn MRk (MIC*) >78.08 ug/mL Yuetal,
Usnic acid derivatives  Candida albicans Opportunistic pathogen of Microdilution 2016
(C,H,,04) humans and animals method (MIC¥*)
iy st i) NI B 5 20 >78.08 pg/mL
Trichophyton Opportunistic pathogen of
mentagrophytes humans and animals
FANGRET 37 ] VNS &IPS US| 16.01 pg/mL
Trichophyton rubrum Opportunistic pathogen of
humans and animals
i N KB A B0w T >78.08 pug/mL
Aspergillus fumigatus Opportunistic pathogen of
humans and animals
paiiiss FEYIIR R LT s N2 K3 >78.08 pg/mL
Aspergillus flavus i S U T
Phytopathogenic fungi;
opportunistic pathogen of
humans and animals
W e SR A NEREWFIEORNE R RE (MIC*) 3.99 yg/mL Victor et
Usnic acid amine Aspergillus fumigatus Opportunistic pathogen of Microdilution al., 2018
derivatives (C,;H;NO,) humans and animals method (MIC*)
S N E[EIe] 1.99 pg/mL
Trichloderma viride Non-pathogenic fungi
JRtah N R %80 1A 1.99 pg/mL
Aspergillus versicolor ~ Opportunistic pathogen of
humans and animals
il N RS % 80 3.99 pg/mL
Aspergillus ochraceus ~ Opportunistic pathogen of
humans and animals
T HiE NFR B AR T 3.99 pg/mL
Aspergillus niger Opportunistic pathogen of
humans and animals
IR E N B 5% 20 3.99 pg/mL
Penicillium funiculosum Opportunistic pathogen of
humans and animals
WA R VNS &k SUEE e 1.99 pg/mL
Penicillium ochrochloron Opportunistic pathogen of
humans and animals
RETBIRER SRR 3.99 pg/ml.
Penicillium verrucosum  Opportunistic pathogen of
var. cyclopium humans and animals
AR A HEYE AL U4 L GITIX 19 mm Tiwar et
R Fusarium oxysporum Phytopathogenic fungi  E1%) al., 2011
Acetone extract of Disk diffusion assay
Parmelaria thomsonii (zone of inhibition
S 2 I I A HE 2L diameter) 19 mm
I Fusarium solani Phytopathogenic fungi

Methanol extract of

Heterodermia diademata
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Substance Fungi Type Assay method Antifungal Reference
& P (index) &
DI ARISHA P i LIEAR: S0 5 S L T 24 mm
R Fusarium roseum Phytopathogenic fungi
Methanol extract of
Parmelaria thomsonii
DI RRIEHEA N ] i FE TR s A28 e 5 15 mm
FEW) Aspergillus flavus W A EOR
Acetone extract of Phytopathogenic fungi;
Parmelaria thomsonii Opportunistic pathogen of
humans and animals
e SR F R I A NS &Ik SEE e 14 mm
Methanol extract of Aspergillus fumigatus Opportunistic pathogen of
Heterodermia diademata humans and animals
JETRZR AR P B B 7 5 S LT 16 mm
Methanol extract of Alternaria alternata Phytopathogenic fungi
Everniastrum nepalense
VU A R B ) A 75 2 T i LT 15 mm
Methanol extract of Penicillium citrinum Phytopathogenic fungi
Bulbothrix setschwanensis
AR AE TR R 2 HU) ReAf 2T I AR R BR (MIC) 2.5 mg/mL Ristic et
Acetone extract of Cladosporium Environmental saprophyte Microdilution al., 2016
Ramalina fastigiata cladosporioides method (MIC)
BERK AR T IR 2.5 mg/mL
Alternaria alternata Phytopathogenic fungi
SRTE AEEo R 2.5 mg/mL
Trichoderma viride Non-pathogenic fungi
At FEBUR T 10 mg/mL
Aspergillus niger Non-pathogenic fungi
R st 5 mg/mL
Penicillium chrysogenum Non-pathogenic fungi
VR LYY NN ] 10 mg/mL
Penicillium expansum  Phytopathogenic fungi
IAIHRAL LR S LT 2.5 mg/mL
Fusarium oxysporum Phytopathogenic fungi
[EFERReIRE | N2 R sl S5 A B0 T 1.25 mg/mL
Candida albicans Opportunistic pathogen of
humans and animals
[EP N 51 PR A B 5 mg/mL

Mucor mucedo

Environmental saprophyte

MIC*GE—¥4 Ji SCH LA umol/L #5381 pg/mL o A A TG M PAHR MG M NA L TETEME . - RSB I MIC {H sk
F A B 0 PR — 9 5 MIC {H . MIC* values were converted from pmol/L to pg/mL as presented in the original sources. A:

Active; PA: partially active; NA: not active. —: indicates that the original article did not provide a specific MIC value or a clear MIC

value for the pure compound.

FRECTE A, FEOR R T ANA D i 4GB . Guo et
al.(2017) il 1 ¥R 2~32 mg/L WA B2 A K IR A
WA R. farinacea W FEHLAK C. rangiferina FIHK A S
U. longissima 3% 3 P AR b A< (1) P TR 44 ) Xof
3RS O R PR M. BN R L A A K
Saprolegnia parasitica , 41 %8E Achlya bisexualis F1

M

JE G TR Pythium sp., B34 A] 5] A& ™ 5 1 0. 240K 55
o WFIELE R, A8 8 iR Xt 2 A /K R AN U 4 B
i) MIC A 2 mg/mL, X} J& %5 & 1Y) MIC 2 8 mg/mL
(Guo et al.,2017) . % &I T S 2 R 1 18 7E
I FH B SR FCAE K 0 3 B 4 i g R At
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AR A B IR P AT Y (R DR
AIIE I 2 20 20 SOAFAR, It HAph 28 AR B ik
St 1] S 200 ¢ B &% TR Trichophyton mentagrophytes [
K (Bustinza, 1952) . Ffif5 , Broksa et al.(1996) it
TB (=) - 55 R X AE 8 it TR R ISR R TR Verticil-
lium alboatrum FIHL 2> EOW % L5 5 Penicillium
frequentans F. AT I 4E FH . Cardarelli et al. (1997)
UESE (+) -4 25 TR X BRAY 19 B Saccharomyces cerevi-
siae AN ML TCEEVE , (H RE S0 HI AR Y J5E L 1T £ 2R Bl 460
F. moniliforme W4 o DL 25 SRR AN SR HAs—
FE BT R TRV 1 ARS8 R AT B A TR

A2 AL ST WA B TR S AT AE BT 5
B R B IR RA CE R (£ 1) Pires et al(2012)
UGB P B R0 PR B 73 B R IE RS R TE Candida
orthopsilosis FIIT V-1 %R # C. parapsilosis B A 1K
AN B A8 T TG PR, 6T 2 Fh Bk T ) 2 B i e
B 1C,, ¥4 4 1.95 pg/mL, IC,, 43 %1l 4 7.8 pg/mL Hl
15.6 pg/mL. Yu et al. (2016) PEAl T AL 45 S B W 7F
A 8 AT A= %t I R 43 B ik 1 B BR TR LT
IRDE R BRI L1 BB T rubrum AT B
FE B A. flavus PR TE M, AP {CERT A9 7
FAEIHR (5320 CoHL,0) FIATAE ) 8 S B (7 1
SEAAAR) X £ €0, T i R B S AR RO, A
MIC #4241 41 pmol/L, 1fi H: 4% 1 A% 19 MIC 34 & +
200 umol/L, Wi PEAT PR . (A5 B A2 , HiR PRI At
UV R BT R, PR IS PEPEAN FR bR
ANTA], Pires et al. (2012) K FH IC,,, 1M Yu et al. (2016)
FKHMIC, HPF A5 R Z A 22 R K X2z 7]
fE i T Pires et al. (2012) & FH A #5 2 iR A Sigma 24
R i AT HE AT, SHEE FT4% 5 T Yu et al. (2016) %
FHE PN SR 2= DA AN 8 v B T4 e, Al n] g4
Ko BEAN AN RIRIEGE o A B R U S a A5 75 5t
25 5t AT BB IR 25 ) U o Vietor et al. (2018) 1%
THIFE 13 A B B B R AT AL, BT A A& Hx it
R H R NSO KT Trichloderma viride 253
LR PRI A, P A B R R R A )
C Hy NOGIE PR AR, MIC 4 3.5~7.0 pmol/mL, i
AU TAN B RRA B, HL LU et 25 220~230 1% ,
FEER R R 57 8~89 1% o TS W) 2 4 1a] A
F-EH B 140- 2 P ILALRE CYPS1 A1 — SR AY &=
SEYIRBL AT PR S Y 0 T A A M A
W1, PR 5E i — 2538 L CYPS 1 AT — AR id 5t
Bt AT o F XTI, R BRI B R 5

CYP51 R B 4A9 %5 & [m] (Victor et al.,2018) .
Kumar et al.(2019) 7&K P& 1B R TR g A 284 rh
UESE, PRETN S5 B PR AN K FL A2 IE ml 35 M v b L
PR o R T G5 SIS FH 23RS A 8
PR T B TR TG A AR B — DTt
2.1.3 AT BRI AR A BT A

H 20 1 22 90 4F ft Broksa et al. (1996) .
Cardarelli et al. (1997) AH 2 % 18 #> 5 12 X A5 4 9 Ji
FLIA R R AR BRI R A PR IS R S
AHOCHIFGE R R D218, O T RA B RAE H TAH Y9
JR BT R G R UL A . ELE 2022 4F,
Paguirigan et al. (2022 ) X 2 FiAE ¥ i EL TR T J& 1
BONRGHPEAL (3R 1), 45 LR W] I RN 2 B
Xt EH A ] A2 5C B Diaporthe eres JiAk =25 25 B 14
D. actinidiae T 3% 1 Sclerotinia sclerotiorum 5%
R EL B AR AR RO B2 . TSR X A 22 4%
I Rhizoctonia solani 72 ¥ F5 F 1m0 A4 KAl , &
WA ) A A I T BE XA )8 it A B AT S 41
%0 (Paguirigan et al., 2022) . ZBF5E 42 H Al M
1R P ——T5 R GE VAN B R B U )08 i L T T
PERIBTFSY o

M B RTAFF RIS SRR, T AR R AAR
IYIHTE E AR SR ECR A R, ¥ i Ji EL A (hi
YIRS BOR ) A DCIE SO A ks , Hh KGR 45
TAESE T T AEB0R 5, B 20 FEIRSMEPE
W2 BB, ¢ TR PG AR O Bk = o XA
Yy I L 0 1 A 58 5 R /0 UL, A 5 7F Pubmed 145
AR R 3 4 F A OCHE , Horb il S 35 1R AT
FEL W 3 DB BT 9 A9F 9 0T 3 R, LI 20 4R R A
Paguirigan et al.(2022) 2 {4t T AR ST IR (£ 1) .
X —PLIRF W, 45 B IR AEBUATL ) 8 i LT 7 T A A
GERERIAT T3S A E W B R S 1. ER R
BT 25 FEUE S, b 8 R 1T dnd 25400 ) AR A
FR AR B R A IH A C. fructicola FIR ALY
KRR SR AE RIE R , WA 1 pg/mL Y FA 2
PR X PR 22 A K I A 2R D A 60% , F 30 H 7 B A
M CREZR) o I, BRFE XA B R 1A T L T 1 1
FFERGMIRA BT, DL TRPEAL AR R KR ™
PIAEAR A s 35 B 4 rh R A AN (B
2.2 MEERAVITAE K R E AN

SHUE MR L, #A B IR AR I R S5k A e A
PR RGeS ER 5 B A 1B P U AR s R
X 22 G P T R T 3 A TR T e, T X 24K
B2 [CRAPE IR B 55 . X Pt T g 5
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=% DB T 40 B %) S5 7 P 3 T 0 2 i M B R 1Y
B R OGO HAR 22 S LT A 1 e B
(Luzina & Salakhutdinov, 2018) . Weckesser et al.
(2007) RGE 25 TS B IR PUR T, K X # 4
BRI VBERK T 55 2 M lm PR 70 B 0 25 2= TR PR o B A
BR BRI RCR , MIC L B 4~16 ng/mL. {HAHTE
B, I R — 20 FH BT AR 22 A 25 T ikt
N R X MRSA S 75 7 5 E I ek
(vancomycin-resistant Enterococcus , VRE) i) MIC 41
T 4~50 pg/mL Z [0 . deAh, A ETR S5 R KRER i
S RSP RN, X 2 i 2500 R Bk
U B[R] 384 %% /E JH (Elo et al., 2007 ; Ramos et al.,
2010;Zuo et al.,2018 ; Gangwar et al.,2025) .

FEAE ML) T, P 25 R 22 30 Hh 22 0 SRR AR
5 — B REBE BRI A, B ZE MUAT I Bacillus subti-
lis F14x 75 (0,4 2 BR & Staphylococcus aureus %5 55 2%
TG PHPER Y RNA FI DNA S8, XS KA Esch-
erichia coli %5 %5 >4 [G 4 TR 09 A% TR 5 L5 T 458 /)
(Macigg-Dorszynska et al.,2014) . 25—, ¥A B iR ]
O 200 A AN 2R e 5 e A7 T 27 Tl ) 35 1, s B PR
REFR T, S NS E A, baumannii ME adeB 3E[H
Fik & T, MRSA B35 % R 454 4 1 PBP2a HY{E
PERFEAR , IR S 28 BT B0 22 0 B- I IR RS 4t
H: Z A HUENE (Aladel et al., 20205 Goel et al.,2021) .
VERAMHE DI, 5 2 FR A e P RIS R PR N VD AL
BRI DK B TR o7 8 2 % IR e e A AT T A5 i 243 1 P 4100
TSR o 5 = P B R v B R A0 AR B, 34 o
HEYE, SRR AP AN, I TR A A
I T SR o et 7% L 1755 48 A0 3 (Sinha
et al., 2019; Sieniawska et al., 2021; Zhang et al.,
2023). SHIU,MABRRALEE)S , hla .spa .pvl .psm FEZ%
AT ) RT3 R e ik R AIG, T AR
T B I- W R I L A M 1B (Gao et al., 2016) o
T 22 F AR FHAL i S [ T3 A0 8 R oy ok 248 g S s B
GBI RN 2 RN

LR, 10 25 R 6T R L 50 40 248 T ) 4 o 3R R
Z ALK . Abo-Khatwa et al. (1996 ) i 12 B 3% 7
WF5T & B, A8 B R T T/ BRI I S AL D RE ,
DHATAR SR PR 5 0T R TS AR T Zenidk
JEE, 51 A Ak 5 IR 1k f# {8 BX . Antonenko et al.
(2019) 5 Chelombitko et al. (2020) #f— 235 H , #4
HIRBAEE AR, B B S B A e AT i
YR S T s W AR R SRR L
BRI A 1 A 3k ] R e el T R

P A . b, Plsikova et al. (2014) & R
Fix 85 T2 BE AT O A F S A8 il T3 M e e 410 1) 52
3K 95%., Kumar et al.(2020) 38 , #1552 %) 5 9
L ELA ) O E 40 M RE TR, AT S S TS I AR R
FIFiE B DNA i), R EA&E N DNA 4547
TR AP S Y T .

JE FRAER R T A ETR W] fig i i DNA 45
A AR AR AR DL T 5 S 2 Pk e &
FEAEH ARG TR S A TS IE . Ruddell
et al.(2024 )3 i b2 8 B 2H 7 SR B LR e
AR, BRI ARAE T RE AT TS RINE 4SS
%o A IEAE AN S 13 B T AR R
B MRS R SR R s RS
i r 5 5 B 4 T 2 1 (U Py B 3R B 45 B ECEL)
S A 68 3R A AR SR AR S A RN T
DNA &5 GAE R HAU R F LMK nl getd , i s 1
PSR 1Y Z2 25 B0 E F AT e 32285 T X 4 T Ak ol
SR S A £ B8 T (Ruddell et al.,2024) . 42J@
BT IR AR L AR R R R, RS S E
T [ (] B A B 5 1T S 0 SR AR N O 25 )z
iR B H BTAIDNA . 2098 BRARAS 25 PR 1
Z R AN PR L T e — AL R, 0 oy I S )
YT R BE | L E

SR, F 35 TR (1% 22 0 A R M (T HOR 5 7 A i 245
PR AR R A o TR R AU . SRR, 4R
A7 S A B T i S P T I i v e A DG B E
(Han et al.,2004) . AR IR0 A5 B 2oL AT
W 2 ] gt 2% I 40 i) = B 2 i 1 (adenosine triphos-
phate, ATP) & i, I AVEFBILH] 5 PO S AL AL, ¥ K
R SRR T 5| R ) A RS B R AR 1 B
AL SRS SR A S A0 I BE T (Sonko et al., 2011) .
PRI, AR5 I APk AE T, e ok 5 R A 25
P A Bl 36 SRS, 76 L B LT 10 et 1 1 )
I A R BIR 32 b B ARG 1 3 SO 4 o A 1) A &%
N o BOREEHE SR 8 R MR 53 ) S B by 1Y)
SRR
2.3 MEBRREREEERIE

S PN B TRAE BTN TR SR 2L 30 P 4t B v iV
HLI AT BB TR A [ B, (E HT AR 9 [ LA
1oL H R LR Mo TSRk
SRR S AR A A Y P i B A E AR, RS &
FE )95 Dt L TR R AT T 2 D 45 4 5 A PR AR SR
P B8 TRT EC TR A Ve A T AL AR e, T A
KHLHIBEFE R AT RE Ty 0] o HEMIAA B R W] REd L DA
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W EETERER (B 2) . 55—, MR 58
Bl LA AN M RE R A A S B R A 1 E BRI
FER G R IUT o R HA )G AR T —
FONEG AL T B s ) fE Al . A B R AT Resd i 41
il o0 S il 1) 5 M, P00 RE Y 1E R A S Ak
0 RN AR A A S R - FUDA AN & SRR
PR AZ Ff1 T BEE , W B R A R R AR PR 59, 7T ReiE L 4
A5 5 22 f B R LS, s i 22 £ 5 il
P2 B BT (B CYPS1/CYP450) , MRl BR Al
WUZ ) TR Rl o 5 = 5 P LR AT Rl
T RN AR IO 38 A B R W] R [ SRR P B, 5 S 4
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Fig. 2 Proposed mechanism of action of usnic acid against phytopathogenic fungi

3 KR AT SHkE

N TRAE ARV FL R 5 B TR, R 1) 1o
FHHE 7, HAZ A PEBAE T 1 (8 B 76 5 22 A
VEHIBLH . DFFERIT, P R A 2 T [R] JRE 58 1
PUZE GBI R B R iR ) B 55 22 T
TAEYIR IR L B B HRISOR . Ay —Fh R
FH A A A SR A A, W R LA 4R
GFROERREHEAE . A, ARG AL B T
G IR A LGP B R R, S T R S A R B AR T

PRI IER , X S A 2 A i 241 o Jit oA 4 4 )
MR R L

SRMTAR 25 149 O 55 I FHATS T e 1 S B 1)
NS I O e G S R RS W 6
BT X AR IS R RIS T3 Ak 400 28 i o
B, JUHS /N AR R S5 F AR E AL
P I A = RGERIE M SR BRI R . H
U, HAATECR 7 THL R B o A A SR X 4
R A 4 240 ) 22 L VR IPL E A e 2 4l L (A
L PR A RE L A 22 A [ A 2 7 1 -5 40 AT



186 LR/

2 i 53 %

TEA T2 57 | i 26 L HIHL ) 75 18 A 5 e , e
SRS S R ARl 2 A T ARSI
TUMENT. 5= A IR RN A R R . B
RUPTE BTN 7 vk 28 I R P, il 3
O R R , IS N 52 4l TR R IR
FLPA AR S R I R 5 A, B B R KA HEARAIC,
P RS IR 3 v 5 RURT S 38500 T 5 SR 22
T e A3 o Vs e 1k 5 R ml R R BE A 5
i) 1) AAS B 78 40 VPAG o 2B 00, AR 5 AR A 4
PEF R LM 2 By B PR A ARK I M AN BRAR A 43
B R BRI 1 A R B 5 R & AT AT (R
B, A5 30 2 BH B X 308 TP AT £ R A £ AR R R
1= K B8 Mucor mucedo INEAMHIVEH], #8718 HAE
A HH RS b ] BEXT AR AR G WiV I AR S TR R
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