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Table 1 Commonly used antifungal drugs in clinical

FHI N 4 J5. LKL (Polyenes) .2 (Azoles) .
Wi B 228 (Echinocandins) FBSBEZR Y (Pyrim-
idine analogs) . AY7 1R 3K EL 1B YL 19 H 25 W) 60 4%
J#& T e 2 (Allylamines) 15 B 38 (Morpholine) Fil %
W3R 2 (Oxaborole) 55 . X 2L 25 1) A AL M2 3R
Jr A AR L TR 1,

G BHTA ZFhHT B 25 TR B e TR A
FE—E WY R BRPE . BN, — 2L 25 4 75 A ) & A hE
PRAEST R N T 24 W I AR R XU 5 55 A — e 2 )
HABARAE IR L 5 AWl A RBVR YT b — 2L 2y
YT e 20H W A& R L S0 AN
RSN . DRI i B B 2 0 0 B K A JE BEDT
SR, BN BGA R 2 AR B & R I T B0k B /Y
2 E M 2 T bk A AE TR S I 2 Mg R R B
W H &R (Candida auris) LL K AEEDE H B
550 B S AR 1 A O e 1 T 25 B B B (Mucor)™
il RIRYT R T E ORI PR . At 35 L A 2
Wi 45 5 (Food and Drug Administration, FDA)
CL A ORG24 i T 3 AUE
54 JRRMPTE R 259 5 8 < IROLARES” s BEAR I IR 1K
R RRE, S R A e . 2 E K
AR 27 I I 0 i g it L BT 2 o AL 1 A% 4 ik A2 | T
G HLH 25T K LA IR T T 8 B AR GRS, LA R &
Xof L B R 1 TR RVA YT RE D . R LS BN SR BT
TR 285 ) 1 WA R T DA ok A 24 W T P R 2 M Y
I

2%
Types of drugs

RELY

Representative drugs

Y RIBL

Mechanism of action

I ILH

Treatment scope

Polyenes[m] Nystatin,
Natamycin, branes
Ampbhotericin B

Binding to ergosterol on fungal cell mem-

Ampbhotericin B for treating Invasive Fungal Infec-
tions (IFI), Nystatin for treating skin, vaginal and
esophageal candidiasis and Natamycin for treating
fungal keratitis and corneal infections

Azoles!] Fluconazole, Itracon- Blocking the biosynthesis of ergosterol on  For treating superficial Candida infections such as
azole, Voriconazole the cell membrane, leading to changes in  oral, esophageal and vagina candidiasis, as well as
fungal cell membrane permeability,thus in-  fungal infections caused by dermatophytes on the
hibiting fungal growth skin and infections caused by Aspergillus fumiga-
tus
Echinocan- Caspofungin, Micafungin Inhibiting the synthesis of f-(1,3)-D-glu- For treating fungal infection caused by Candida ,
dins 2] can,the integrity of fungal cell wall was de-  Aspergillus, Histoplasma and other pathogenic
stroyed and fungal cells are eventually lysed fungi
Pyrimidine Flucytosine ' Inhibiting DNA,RNA,and protein synthesis  For treating mycoses caused by Candida species
analogs (except Candida krusi) ,Cryptococcus species and
some dematiaceous fungi
Allyl- Terbinafine, Naftifine Reversibly inhibiting squalene epoxidase (a  Good activity against Aspergillus, Trichophyton ,
amines key enzyme in ergosterol biosynthesis) and other filamentous fungi.and is widely used for

treating skin fungal infections
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Continued table

L
Types of drugs

17

Representative drugs

FERIBL I

Mechanism of action

T

Treatment scope

Morpholine

Oxaborole

Amorolfine

Tavaborole

[15]

[16]

Inhibiting ergosterol synthesis, leading to
impaired cell membrane structure and func-
tion

Specifically inhibiting leucoyl transfer ribo-
nucleic acid synthase, thereby inhibiting fun-

Commonly used for the treatment of onychomyco-
sis and skin fungal infections

For treating toenail onychomycosis caused by
Trichophytosis rubrum and filariasis, for external

gal protein synthesis

use only

A 0B, Fe 1 B R A 2 7E R 2585 0 P Y
PR 9120 . A AR 25 A 1 2 906 B R
Rl A= 77 32 AR AL 2 AR 24 ok HE AT R W R IR
SR o A A P Al 2 R 25 AN A 2 5 B 85 75 G A
AR 24 B BE A 1) R, 340 23 of LR W) 22 FE M R AR S BR B 3 A
AR, FLZ T A YR 25 BA T 0 35 A
UF SR R B R AR R 2 K e i e B . BEXT LN
FRAR YU E R A RIEW A R, H i LA 6
2, A HE Z FEME T 28 (Aminoglycosides) . KR N i 2
(Macrolides) \N-# /2 $1 4= & (N-glycoside antibi-

otics) | JRMEWEAZ T 28 (Uracil nucleotides) | il 1 BE #%
2 (Cytidine-5'-diphosphate disodium) Fl B i 2%
(Amides) 5, PRI FR 2. MXFF b 2y, ix sk |
oA R BA TR ORI A] AR PR A X PR B
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Table 2 Commonly used antifungal drugs in agriculture

2K
Types of drugs

21k

Representative drugs

FEHBLAE

Mechanism of action

195 36 % %

Prevention and control targets

Binding to ribosome small subunit to inhibit

Inhibiting trehalase activity,inositol biosyn-
thesis, cellulose degrading enzymes and po-
lygalacturonase activity of fungi

Inhibition of mycelial growth and spore ger-

Inhibiting protein synthesis,hyphal growth,
spore germination and spore formation

Aminoglycosides Kasugamycint?"-
protein synthesis
Jinggangmycin[zﬂ
Macrolides Tetramycin"?!
mination
N - glycoside antibi- Zhongshengmycinmﬂ
otics
Uracil nucleotides Polyoxin?"

Cytidine-5" - diphos- Wuyiencin!?®! Inhibiting
phate disodium

Ningnanmycin
Amides Gongzhulingmeisu?*)

Blasticidin S'%°)

Interfering with chitin synthesis in fungal
cell walls

Inhibiting the incorporation of 14C-glutami-
nase into proteins by pathogenic fungi,
thereby inhibiting protein synthesis,or bind-
ing to the ribosomal 50S subunit to prevent
the peptide chain elongation

protein  synthesis, mycelium
growth and spore germination; affecting cell
membrane permeability, and activating en-
zymes related to disease resistance in plants

Involved in the establishment of plant dis-
ease resistance mechanism and playing an
. . [27]
important role in plant defense response
Inhibiting the germination of chlamydo-
spores of grain smut,inhibiting hyphal elon-
gation

Mainly for controlling rice blast disease (in-
cluding leaf blast,rice head blast,and panicle
blast

Mainly for controlling sheath blight, rice
tungro,and corn ear rot diseases

Broad - spectrum antifungal activity, mainly
controlling wheat powdery mildew, Fusari-
um head blight, corn head smut,anthracnose
and other diseases

Mainly for controlling apple ring rot, water-
melon wilt and wheat Fusarium head blight
diseases

Mainly for controlling cucumber downy mil-
dew, powdery mildew, Alternaria panax ,
apple and pear gray leaf spot,and rice sheath
blight diseases

Mainly for controlling rice blast

Mainly for controlling powdery mildew, leaf
mold,gummosis and other diseases

Mainly for controlling stem rot, gummy
stem blight, powdery mildew and other dis-
eases

Mainly for controlling sorghum grain mold,
sorghum anthracnose, and wheat fusarium
crown rot diseases
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B RO A A AN M R ) A N 2 — T
HAH RN Z, E 8 B-1.3- BB o-1.3-F R
WL AR . 76 D A0 R S Bt e e, A A o
WG 2 (HXK2) # 8% 1R 1k ) 2 B S 8 2 (Gle-
6P) , SR J5 1 W R ) 2 W 8 62 Wl (PGMD e Ak Ky 4 26
Wi — R (Gle-1P) . feZGE it fE B R AL il (UGP) 1)
YER# AL I UDP-Gle, UDP-Gle 1E % %5 B8 (0 15 1k
WS 58BN A ., 98 HXK2,.PGM #1 UGP
FENZE A FREE R HREE T R B i 2hy

BT 0 D4R N S L T Rk L R S A o R LA
R AT REME , itk HXK2.,PGM Il UGP #BE #% %1
SHTE 25 W R RR % . UDP-Gle i@ 1 -1,3- %
WA R CRLAEHEAL T 3 Fks1 A2 3 AfRhol)
ML A B -1, 3- M M . B AT, B2 A I K 0
T3 T Fks 900 BT 19 259 . 490 4n JE B v
HI A W & (Echinocandins) M EATA Y, thFA
35 ¥% (Caspofungin) | Fil J& 25 ¥+ (Anidulafungin) I
KR 25E (Micafungin) 2, AfRhol J& Rho GT-
Pase ZKIG M A Z — , W2 M il 8 (Aspergillus fu-
migatus) "EAEW VT E A HE T AfRhol 5 A
VR U E A & B ST SRR S ) AfRhol i
AN H Ml Rho GTPase & [ 1 #F 58 i 78 i#F
Fret,

AT AR R L Ak i 24 B iR B4 BN PR R AT A
e 30 ) S ] S SR R P TR R I R B S
v, Hodb, & FL 2% % (Rezafungin) fil SCY - 078
(Ibrexafungerp) WA R FEMEDY, FHIFE B A
TUT A VS M B A AE S DU 9] T8 PR A B 5 Ak i
1 340 % R0 B T 245 1) 1 €5 R BR TR (CL albicans) F1E
W&EREE (C. glabrata) WK, R I B 0 469 0 R
A ) P RE AR A 2 01 SCY-078 & —Fh BT
YR B-1 . 370 5B G s T8 0 181 74, 1 0 410 < L 1 4 i
BE 04 0, IF B AT LU i 1 IR 45 265 &k #5 H Bt 20 1 Ak
SR E AR, SCY-078 X Fksl # 4k W1 3
2 748 115 BT 24 19 TR AR AT LA B L BRSO, X R
ELA TG BT B TR 24 4R 2l ) 2 R T R 1 I R A
M, Bl Hu 29 R 7 A 40 EE B-1.3- 3 B
W B 43— S R 1 D 3R 2 B TR 24 0 T 2
FRAEALE ks IR FEAR KRR EE PR X B-1,
37 SR (0BT LB L 2 W O R R
3.2 LTRERBEREHHMPHR

JUT 32 T AN M R Y = B SR A Gy L RS 1R
A 20 A R RE f AR E M. UDP-GLeNAc J2JL TR
B RUREBER LT A R AL T S UL T
U, e B AR P, UDP-GleNAc 445 i DSR4 -
6-W R (Fru-6P) JFif, FEW [ 4 4~ , 43 )2 4 4
B4 Hie-6-B5 12 (GleN-6P) & Hifili (GFA1) .GleN-6P &
e 5% B W (GNAL) | B W2 & Wk % % B e 28 17 il
(AGM1) F UDP-GleNAc @R LEE (UAPD™
HETC A — RN LY, 25 UDP-GleNAc &
W B GNAL, AGM, UAP1 #5216 1 245 ¥ 41

BRC R e LT A AR AR A
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FREE I FRAS LT BT A OG0y 25 W) IF R AR R g, e
T & Z (Nikkomycin Z) & —F UDP-GlcNAc 2§
I RefE e A S LT B BUEESS & AT b B
BRL T 1 A B 36 B0 ) B A K RS . A
WHoE R, Je vl 8 R Z X 2 0850 1 B UL 1R T
BT 2 X A LT R A R R . ek
- FH R (Coccidioidomycosis) | 2 42 % (Blasto-
mycosis) Ml 4 41 g X B ( Histoplasmosis )
SELTN R e TR R Z 7R/ RO I
HR I 2 R 1T 24 SR T A N S i BR T A Il
PR B, FF & T AR e R LT A
Jitf 25 A1 7 3 = A9 UDP-GleNAc 25019, A B T #E ok
LT BA RN B AYR, RAIAER
ZHiE R (Polyoxin) #jE —Ff UDP-GleNAc 1L
P ERIALE SR rT R R Z KL e -, 2
B R EUNFR R . FUBG A S R BN S B
A BAF R BIA RO . BHETH OB E ML T R
B AR S L SRR e T R R 2. 2P R AL
B 1 45 K B A AT 0 330 A K A 0 A0 ) L T R
5 UG B R BT B 25 K
3.3 PEEBEEmALEZS E & 8 [Glycosylphosphati-
dylinositol (GPI)-Anchored Proteins, GPI-APs] & B
BEEABBHHR

B W Jig I L1 58 7€ 25 1 (GPT-APs) i id GPI
BN A E TR M R B A B BE L 2 5 2 B
0 A 2 ok R QA0 43 A A R T R A {5 S
ST AN EE |9 GPI-APs 2 5 41 Jifg BE 1Y
SE R AR W I T B B TR R A S A R B A A )
PR BT O ) R R 28 v E O
GPT A=Wy 5 B 1 B 11 2 20 Jf0 B 25 ) 5 B 9T o0 75
AR — AN S T T S R, A GPT A G R
TE RIS, b &R WA
Gwtl"Y Al Medd™ , Gwtl 45 GP1 Hif 4 f4 JIL e it
B, FEFE P Gwtl Al AL EFHZY
APXO001(E1210) 57 k4 il S i BHLWT GPT 7
A . 281 A8 Gwtl [A & 1 PIG-W #1 K 52
. HET, APX001A 58 T T #9165
48 B A 22 M it A 5 AR 2R v B R T e Y 1T 4
I AT E Y Bk Ah A N T A A G365 I
G884 1 H I W] H A M Gwtl 3 P i £
Gepinacin 4% Gwtl (%55 5 P30 60 50, /E AL H 5
APXO001A ML, AR, 2 1 O &SR E 25 T
ICH Y Gepinacin B H [ 22 45 ¥ 2 9B IR, [

Af 2 55 A AR RE -7 SROMH DA TI R W 4 A v A AR R
YA IR T R, Medd & — b 2 1 e i IR A 7 G
5 W g Ik < B B 1Y) EANP 56 B 7% 4 1) GPT i f& Man-
Man-GleN-CacyD) PT H i) 58 — > Man £ H |, mced4
BB )G FEAOSRE A RS . H A
i Mcdd BH BT GP1 & M0 259 F M743 Fil M720
AELO, MT743 & —FhRERE YL T LA Medd 19 2
5 Je Wl TR 5 B it G O L MIT20 & MI743 (kA
WY . 5 M743 BA B IER . Sptld (H#
FrJy Gpi3) & UDP- 4l 1 5% B il 1 fi 1k 0 5 L 1 3¢
GPI W& 5 — 2 R, fiE A BE5E £ W Jaw-
samycin b & Y BEWS F5 7 M0 ) Sptl4 p9uE M, BoA
7 AT LR N H XA Sptl4 MR & E PIG-A
HIBA MR L X £ W Jawsamycin kA9 2k
A MRS ERAEY.

4 F0[E) 40 B B2 g9 K PR 7 M BE AL 0 ik

Wt AE KA A E W Tz AFTE 2 22 R T R
KEB L B, Bt A K 20 E 20 48 507
B R AL E R R B S K A2 500 TR 525X 2
A S AT JR) 3 40 MR A OB A AR A K R
Hh L T 20 RE 1 S R R A R i BE S S . R
0 A ST AR A T A K B S R R S S B A i BE
O3 B B2 BELT L PR M A R S RO S R R A
VS TR R 7 4y v B 328 4000 41 o) 500 A A A . ARLEIE
BRI © KGR 7y v i i 21— 28 51 RE A8 3L 1) 20
JiLBE ) KR )

AR B (Houttuynia cordata) W42 B 4 2
BT DUE T B-1. 37 SR A A RS ok
MR SR A, e Ah 0 R Gl 5 g e
B AT DA HE DI DV T B R R (R T 2T 2 3R
KA B AR AR BUAE ) K SR 77 W) Poacic Acid (PA), fE
55 B-1, 37 R 455 Ml B-1, 3% R bEHY &
J s B P ELTE G P TR — R 8 R i L B R TR
W AR . /NBETR (Berberis) /54 43
ARG 1) /)N BE B BE 02 10 DR 40 L BE 1) 5 B M 1 3k A it
B ZMER, BRI EREEE . KB
¥ CPodocarpus macrophyllus) P ZE N E
(Nagilactone E) J& —Fh 2 B il XN P . o] 3 1o B
8 B-1. 37 ZROME & nl il % 1 5 SO T P R A AN i BE
B RE 5] K A 19 B A AR K . Arthrichitin
M Arthrinium phaeospermum B HEH Hy-
poxylon oceanicum 738 H oK B — R ER AR, 75 5
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(Fusarium) % 220K LB 35 A M f g 467, &2
it 42, Cyclothiazomycin B1 X} Wil L 25 %) 41 i 28 JC 41
A R — A R AR R e A .
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[l g A 0 5 5 7 BEar 1 B9 45 5 07 30 DUEA 40 A
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LR e N8 TR A W oA DA R AR 7™ ) A BT LT
HRRHATSE . WUE YR IR R RS YRS HE
LYW E ZORZ —. TP A R IR AR BT R
B0 HB T I 0 S A L A R R R Y R
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Research Progress in Prevention and Control of Fungal Infec-
tions and Fungal Cell Wall Targets

QIN Qijian, FANG Wenxia" "
(Institute of Biological Science and Technology,Guangxi Academy of Sciences, Nanning.Guangxi,530007,China)

Abstract: More than 1 billion people worldwide are affected by fungal infection. More than 1. 6 million people
die each year,and the cases of fungal infection are increasing rapidly. In addition,fungal diseases not only seri-
ously affect the growth of crops,but also affect the quality of crops through the production of toxins, which
has a serious impact on agricultural production. The cell wall structure of fungi does not exist in mammals
and is completely different from the cell wall components of plants,so it is an ideal target for the development
of antifungal drugs. In this article, the risk of pathogenic fungi to humans, animals and plants, antifungal
drugs used in clinic and agriculture,and the research progress on different components of fungal cell wall in
drug development are described in detail. And the potential prospects of natural resources based on Guangxi
in the development of antifungal drugs are prospected.
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