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Abstract

Objective: To screen small-molecule compounds with inhibitory activity against Candida albicans
and preliminarily investigate their potential antifungal mechanism. Methods: The C. albicans refer-
ence strain ATCC MYA-2876 (SC5314) was used for high-throughput screening of an in-house com-
pound library. The minimum inhibitory concentration of the candidate compound was determined
by broth microdilution. Growth inhibition curves were used to evaluate the concentration-depend-
ent antifungal effects of candidate compounds against C. albicans. Transcriptome sequencing and
quantitative real-time PCR were performed to analyse changes in virulence-related and iron-me-
tabolism-related genes after compound treatment. Results: CHR3 was identified as an active candi-
date compound and confirmed by structural comparison as caerulomycin A. CHR3 inhibited SC5314
with a minimum inhibitory concentration of 2 pg/mL and suppressed C. albicans growth in a con-
centration-dependent manner. Transcriptome analysis showed marked transcriptional remodel-
ling after CHR3 treatment, with differentially expressed genes enriched in metabolic processes, ge-
netic information processing and cellular-component-related pathways. Virulence-associated genes
including ALS3, ECE1, EFG1, HGC1 and HWP1 were downregulated, and iron uptake or ferric reduc-
tase-related genes including FTR2, CFL5 and FRE30 were also decreased. Quantitative real-time PCR
confirmed the expression trends observed in transcriptome sequencing. Conclusion: CHR3 is a caer-
ulomycin A-related candidate compound with potent inhibitory activity against C. albicans. Its anti-
fungal effect may be associated with suppression of virulence-related genes and disruption of iron-
metabolism-related pathways. These findings provide experimental evidence for further target val-
idation, structural optimization and lead development of CHR3 against C. albicans.
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H & ER I (Candida albicans)fFAE R B Tk B BB AN PRAFEIE R AR 23 E, 2 R H ILATL
SN, WRLIRKIRFBIESIRE R RAZ —[1]. EFELT, BSEREUE TSI
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H IR R F DU E 259 F B FEMRSE. ZR R A 23S, MRG0 m] LA I 3 £ A Rk
MR 20 BB 1R 4500 5 D Re R AEPURTE s 2GR 2MIRe s 45 & U A 1 (0 = [T, TR R |
WAL, RN, FECE AL B B R IR A R b -1,3-H0 T A R, S5
YHAEEERSE, AR ARRMAIE T XY TR AR, KRS S 800 SRR N 2 0] 8
AW HI[3]-[6]. Bk, KIEA F i SO0 27 L R B Sk R e S B, PR
VTR EE T ).

FL TR SURVE A T G, ICHOBR I et BBk - 2R AR 55 )
Z AN id 2. ALS3. HWP1. ECEl. HGC1 1 EFG1 §5:H 73S 58 M. AV W2MHKE ).
Y1 Pt R 45 RO S i B S ORI, X e I FE AR DG IR RIA AR M 5 1 & Bk B B0 AR 5K [ 7] 8] 1F
W B A R A A XS BB EE ) RS R AR AT A R 2T L (0 B L G A . DR, ZE VPR BT B B ek
EAEPINT, BRI EESL, I8 7 SGUE HAE T S AU ) 2 1 72 o i) 2

BRI R ER AR AR A K RO E T, Bk P B B O DRI S5 T DA JE A A DA 1 B 4 e R
BALRI9] [10]. ARERBEPSRIINAE NFESS, T Re PR &IHAETE F R A& B /T, PLE B 29T Lol
B R AR B KPR AE (9], DRk, Rl g A0 A& P Ab B 5 R AR A DG BE IR 23, T AAT) A ) B %
A VIR 23T AL o

FAIRFED TR I EE SRR . HKEZR A (caerulomycin A, CaeA)B T HKERLRAY), B
A 2,2-BRMEIE % OB RN AE I G BE i . KB R BN GV OBHGE R AP b, st
Gz AT 55 2 ARSI, MR ICE e 25 PR T Be S5 &8 B RO AL BE B AR Bl M B UR
RIFHSR[I1][12]o TEAMERETEH, 2,2 -BRIERE K R ARG NE T A= P nld e 40 O 4 8 B 1 s b A R
B AA[13] [14]. R0, HRER A FALEYITE DS BRIE I B HEHE s R0 B AL 1 A )
B

AP FRFE LR = A NS ETT e and BRI, R RA B A S BREE LR RIE &Y
CHR3, Fd@id &5 b il N KB 2 Ao NG CHR3 Pt A& BRI EH LIETENLE], AR RS
PR AR TG e Ah, IR — i % Sk 4 R SR 9% 8 i PCR 20 A Hou (S BR T 55 04 5%
R ANZAR A S R (52 . BFF045 B FT N CHR3 J5 8240 SRR . 5 /AL AT - & Bk B (s 25 T
RAREICIR A -

2. &R
2.1. SBRERERSHIBSH®REIFENEY CHR3

AT E S LA A S ER AR ERE ATCC MYA-2876 (SC5314) ik Hkk, X seit s o L&Y e T
R PR EVE IR I . WIS NL 200 MEIEIL GV, BRMEEYIRE 64 ng/mL F 32 pg/mL FHA
LIRS . KT ME IR G, CHR3 1E 32 ng/mL 545 T ] B E405) SC5314 A K (L% 1).

JNFIT CHR3 M HTE &R 2T EA ) i, A5 — Dk B = R 7E M 2 vk 1Sk
B E RN B VS A o 45 SR R, CHR3 X323 (A& SR B H R B HIE - (L3 2). LRSS B4R, CHR3
Xif Bk B B e ARSI B iR, 5 S U SCS314 1 AT IR T ik -

2.2. CHR3 X B 3B R A B MR B KRB A0H 1 H

CHR3 MfbZgs s 1(A) TR . RNERIEJE SR S R e R KRS TR, AW 7T e el
SC5314 A K ihek., 455 SR, 78 30°C. 200 r/min F59: 61 F, SC5314 L7ER 9% 16 h B A K
W, Wi, SRSz BGE R IR 16 h I EARIE N SZI BRI 1(B)).
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Table 1. Partial results of primary and secondary screening of CHR3 against Candida albicans SC5314 in high-throughput
screening
F 1. SIBE0FEP CHR3 Xt SC5314 M IHME HLEREBS)

Compound number Effective drug concentration (ng/ml)
chr-1 >32
chr-3 32
chr-4 >32
chr-5 >32
chr-6 >32
chr-7 >32
chr-10 >32
chr-11 >32
chr-12 >32

DA-04 >32
DA-05 >32
DA-17 >32
DA-19 >32
DA-31 >32
DA-50-3 >32
DA-51 >32
DA-52 >32
DA-63 >32
XD-10 >32
XD-14 >32
XD-19 >32

Table 2. Broad-spectrum antifungal activity of CHR3 against Candida albicans strains
& 2. CHR3 X ARTRER A BHIIEEME

Strains Effective drug concentration (pg/mL)
SC5314 32
4-1391 32
SN250 32
SHK21 32
SHK25 32
SHK27 32
1381 32

FvE: FIREMRON A SR . HA SC5314. 4-1391 UK R MR SN250. SHK21. SHK25. SHK27 2 [l ieid 14
Bk 1381 MM 245 ko
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Figure 1. In vitro antifungal activity of CHR3 against Candida albicans SC5314
1. CHR3 X A/&TRE SC5314 AMAIMINEEM

T R RZAINE R, CHR3 X SC5314 HIRARITE KA 2 pg/mL (K] 1(C)). FET LR, &
W — % E 0.5, 1. 2. 4 F1 8 ug/mL T MKREERREE, WS CHR3 X F @Bk A KB 11 m . #1
AR R BoR, CHR3 X @Bk B I E B A WSRO E(E 1(D)). RS UEH], CHR3 A
AR S ER B IE 1, IF IR I S B R AE

2.3. CHR3 &R HSHERREREABKE

WG AENT CHR3 M AH IS T84k, AW CHR3 AREE J5 1 7 B 1R T R S 4 3 23 b (14
2). BEARRIBE M N, CHR3 AbFRZH 5 0F I 4H 2 [AI477E I R B R 3R IA 22 5 (] 2(A) &1 2(C))e HFE
ARBER IR, CHR3 AR FEARIRA S — B (B 2(B)), UEBIM P REA B 5 My, w] LAY 2
JE B TR .

GO BEHEAMHTEI/R, CHR3 AHEf5 % 57 3R AHE R 3 B 5 4E T4 4 o F A= Wik FEAH G 2% B (K] 2(D))s
KEGG #8 & £irBas, AU R8RS BN TAHDCIE B A A B B8] 2(E)).  FiRZE B 427K, CHR3
XoF AR AR FH AN SR BR T B — AR A FR B, 7 5k DR 3 R R W e 24 7 T A A Y 3 R
2.4. CHR3 FEHSKEZ HEXEERIE

A ER B M BUR I FE AR AR BB . e A BERE - TR 3 A IR i 7 1 R R[15]. N
FiIKr CHR3 2 5520 H BRI IR, AN s A B b i AR MR O ORI . 455 R B,
CHR3 43 J5 ALS3. ECEl. EFGl. HGC1 1 HWP1 iX 48 5T RRBE I . T8 22 1 1 S AR IRV ) 5 A 5 23
JIRERIFRIEBEAR (R 3).
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Figure 2. Transcriptome analysis of Candida albicans after CHR3 treatment

2. CHR3 R IBFHARKEE REABIES

Table 3. Downregulated virulence-related genes in Candida albicans

3. BRRETRETENENEXEER

Symbol description

ALS3 adhesin ALS3

ECE1 hyphal; virulence

EFG1 KilA-N domain-containing central transcriptional regulator EFG1

HGCl1 Hypha-specific G1 cyclin-related protein involved in regulation of morphogenesis, biofilm formation
HWP1 adhesin

SEIN HOLE B PCR it WIRIE T ERZRRILEH L 3). IXEELREN], CHR3 AMUIMH A&
PIEGE, ETTREFEIR S RPN TR AN AR IR R I RE B R R IE . iZ KB CHR3 5L A BRI
VEFIRTREDS K A AR NI RE A0 1 58 P8 AN J2 T

2.5. CHR3 AJ e N0 B AR kB S 85 S 18 X B

B ZRFIERERN, AR A SERE SN E I R A N 2, 2
BAE AL R FTR2. 2ki6 JEEEAH < 3£ K] CFLS F1 FRE30 7£ CHR3 4bF 5 FIA RN E 4). CHTIF R
N, 22-BRUERE R KER A S RIRECILIE AT Y T e e ) & B AR S AR A S e N[ 15]. 454
CHR3 [ ZE R RFIE NG S a0 45 51, AU sl T B /& CHR3 ] A & 2k B A= K 0 55 Bk LA o
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Figure 3. qPCR verification of the downregulated expression of virulence-related genes

3. qPCR WIEF AHEXEEFRIL T

Table 4. Downregulated expression of iron metabolism-related genes after CHR3 treatment

= 4. CHR3 AR SRR BHEXEERIE T

Symbol log2 (CHR3/control) description

FTR2 —1.203320723 High-affinity iron permease; probably interacts with ferrous oxidase
CFL5 —2.347899897 Ferric reductase

FRE30 —1.123378087 Protein with similarity to ferric reductases

TESRIAN R, ZRrEYE B oR [ R4R qPCR BAF, MR EEHIE CHR3 (B AN
BRiia R BRI OCHERE . R AN TR IS kB ARSI L M P R ACSTRIN  ER DR e R B R
AW - AL G IR K 25 TR P55 F By, E—P 50 IE CHR3 7EAT I B I 2 5 08 T F &k A
AU
3. Wig

A T I v R A PR SR A R E M R VE B A S BRI &) CHR3, JRiEd SiM b
XN N TE KB T AARIMNETEPEN B, CHR3 X F A& BR B R AR SC5314 I S AR R R B2 2 pg/mL,
IXFR B 1 R IR FEARE . 3201 qPCR S5 27R, CHR3 ACFR 5 S Bk R B ) AH KR DN A k4
B BRI AL R Rk PR AR, BIREE SR 0] CHR3 HA B MBS, 57T Al id R 5 A Ak A it
WARZ S5 A SEREIE .

MWK, CHR3 HIMME B SEAE T HA M 2RI AFE T IR B W 47, A Bt A Sk
P 2459 F B [ Se 2 1 TR WA i AN BRI A 3 BRI 4T BB B-1,3- 71 SRR T2 B S5 A s R HE A I [4]-[6]0 X2
B BARVETT A BB, AEHIN FH JE 7= A BT 243 8 5 0 & BRIGRYT 2. CHR3 fENEKER A
BRI, BA 2,2-BRILNE R A G B4, AL B R SO A PR A B AR [11]. XPhgs 2
TR IUE T B & BR B AR ISR Tl Re, A R AR A S A YR SR TT f 25 H AR AL AL B
UE AR FEAN A -

AW EEF| CHR3 AbHEf5 ALS3. HWP1. ECEl. HGCI il EFG1 %58 JJAH 3K 2235 R . ALS3
1 HWP1 5 ASEREZEE M S E YR R VIR OS, ECEl 5B 4 M5 /1N 5%, HGCl B 5RF 4t
i1 K A0 A R 4%, EFG1 W5 &k B 8 &S o 85 /7156 5[ 7] [8]. IX B8 L R f [R5 R i #2 7~ CHR3
AT B SIS AN, 38 TT e PR BRI ARG PR . B 22 ORI AR P A OC R

AHFFE) 5 — TR P CHR3 7] Fiff FTR2. CFL5 Fl FRE30 252k 35 Bk k38 A Se 3L . 1Bk A
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TETE ERN AL T PR 2k IR, BRIREEE ) B AR K ZRRLRThRE . IR R R S AR
[14]0 AR AR A 2R B S 6 3 e 1 B8 ZEAL A 4« CHR3 AR FE 5 BAR A S K i, 3 1%
AT BT 1 A B A X R I B 5 1405 I e

CHR3 S5 2 MM B RIEBA — @ S EKIE . HRE R A 1 2,2-BRtie B8 T & B4
A, FHOCERMLIE A PITEAN R ] 4 ) B BRI AMER R AR N & R ARSI E s A M A K
[14]. P, ABF5EH FTR2. CFLS il FRE30 FRIAFFCHAENMOLILS, /25 CHR3 BIS5MRHIEAAAE S
BB R A, BT A2 CHR3 & A KA G 4k &k [ B, T Ree H B i s 5 1
RIS o BB B AT Rk IR A g AL, i A e 4 e

KA ANAFERR . Bk, ZEREEAR, wARRAIE CHR3 XS i A B 2= iR
HRSBEMRINE RS HR, AR EEIET MIC. 4Kz, B4 qPCR 458, M R Ezh
15 WLTGR AEIIE S B AESE . TR BRI H AT 4 B EBL R RO 2 T, R 58 BBk
AR M PRI S B A ORI B0 A IO

gi b, AREFFURI CHR3 ENE KFE R A FUAYX A SR E B A BOR A IMIGEIER, JE95ER
FORT R R AR R E A G DRI BRIE SR A DGR R R A . 45 SRR, CHR3 Wl REE AR KA
il BT HISSFERAR TS L R R P A SR AE
4. &g

AP T v B R R O R IR AR B R R R IE A &) CHR3, HIAHCAE K& R A. CHR3
X BRI AR HERR SC5314 BB S RN IS, SRIIEWREN 2 pg/mL, FEFRIH A E AR M)
VER o s 7 A2 ¢ Y6 B PCR 45 5 SR, CHR3 Al R (R 75 S0 2 FE D DA BRI . %
RJEMIIEN RIS . LIRS RILR, CHR3 [P0 A& ER B 1T A8 58 1 F2 P M Ak A QA S @ B
A K. T CHR3 JELEbRIAIE . HLHIISIEAP L R e S ST IR AE T S a0 Jail o

5. #RL5H*E
5.1. @k EFFH SRR

AW T S BREE BRI S (2398 50 7 T 3 — N REE e P SE 36 S DR A7 IR - 1A BRI 7R I
BHR A 5 4 B S5Ol B R IR (YPD) BB A B SR B b, T 30°C 26 AF R R IR T A B EL T80 C K LRGE,
SEG AT 2 IR AL RE IR 5 A ] . CHR3 SR — FR R AR A B, JF #2506 75 ZER R AR N TARWRE

5.2. SEEXEYIFE

PLA S ER B RUERR SC5314 NHITH AR, X SEU6 == O b &4 B J vy 3 40 375 1k ik o 909t 45
L&Y E 64 ug/mL Fl 32 ug/mL PN . 557745 o5 R0 B RAE 600 nm ARG RE,  FEARHE 2B K0
7 1O 0 B i I A o T SR A (1) 3 3 4K P PR T S 20 S B BRI
5.3. KN E

HS PR 055, M YPD WRUARRE FRHA BB MR 2 2 < 10° CFU/mL, FR4EZ:HRE 100 fif, 153
#92x10* CFU/mL HIR. BRE T 30°C. 200 r/min 55048 FHRGH IR MEMRE LA, 7 H &)
HINAAN KL CHR3, - FBE (8] s ALl 600 nm ARWEGIE, 2l A 26

5.4. RIRHEREMIC)ME
KA AT E CHR3 X &R MIC. FHEERE T 30°C. 200 t/min 5444 FIRGHEFRL
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16h J&, f# ] RPMI 1640 357738 B B 2R, H 55 EAFWRE CHR3 BRI ST, A 96
FUBR. 30°CH;FE 18 h JE iU B o ANHIEFT Hh W B0 AR K A1) ZRaE 1) 80% ) B AR 25 Wik i 58 SUN BRI B

5.5. HREMFEERRIEDH

iﬁ?% FaEREZ) 16 h XK, 2050 8 CHR3 AhFEZH AN REZH, CHR3 AbFRZH AL B 4K 4 h.
SERRWER AR, 1B KT RS IR S5 BR A FI AT RS AL e o PP 45 SRA5 3 fa 0 22 S 3Rk B H
1&@ GO 5 KEGG BHE 7.

5.6. SERRYEEE PCR WiE

NI EE SR 25 3R, A IR I FE S AH e L R 347 52 5 e 2 & PCR 6AE. A H A KIR[E
RNA FEA, SR cDNA, 1% S22 8 PCR 0¥ B Ak R 22k /K. AT RIEE R 2°-22Ct
FiFAE.

5.7. GitES

LIRS IE + FEERS . AL ELBCR ARSI AEA t 40 de, 2 210N BUBCR AT B IR 3 7 2 00
Bro BT ERARE PAE. FTA ST Wt fE ] GraphPad Prism 5/

B MW
e P A AEAR AT R 28 0 5%
e B
AHIEFE 525 7 T TR R H (2023 YXNS069) 7 B o

&5k
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