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The anti-biofilm activity of a novel maleimide derivative against
Candida albicans
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Abstract: Candida albicans (C. albicans) is the most common opportunistic pathogen in clinical fungal
infections, and its invasive pathogenic mechanisms and drug resistance are closely associated with biofilm
formation. Therefore, research on biofilm inhibitors holds significant importance. This study found that N-(2,
4-dimethylphenyl) maleimide (abbreviated as IMB-D7) can inhibit the formation of C. albicans biofilms and has a
certain clearance effect on mature biofilms. IMB-D7 significantly reduces the adhesion capacity and
hydrophobicity of C. albicans cells, inhibits the yeast-hyphae phase transition and hyphae formation, and affects
the content of key components of the cell wall. IMB-D7 significantly downregulates the expression of genes
associated with adhesion, hyphal formation, and cell wall component synthesis. Additionally, IMB-D7 exhibits low
cytotoxicity toward human oral epithelial cells. Therefore, further research on IMB-D7 holds promise for the
discovery of novel antifungal active lead compounds.
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Bl Mo Jfa A1 S S5 22 W AR AR L 1) S AR 77, HLAT DL 4 i i
A% R 45 G T SR B 4 b A, 8 I E 595 nm R )
R (Ases) 1, P LA E B 37 A2 ) Bl 58 A ) 5 1) A
oo DY B 2,330 (2- R A 2k -4~ il ik - 5- il i O ) -5-
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I B EE FHUY. R A AR A, AR A G e 2
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Figure 1  Structure of N-(2,4-dimethylphenyl) maleimide (IMB-D7)
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B 22 B = 24 A= W B R B B B SR 2 (BAE ) T
HE .

SWKFAMERE — F E T K (DMSO)
(D8371). & [ M (P8450). 45 i 4 4 Bl (G1063).
NaHCO, (S5240). g 25 [1E§-EDTA JH 1L ¥ (20210910)
Gluta [ & % (FEL85 % H, 2.5%, P1126) (* [E Solarbio
%y @); RPMI1640 (31800105). DMEM X} 7%
(8121446) 5 4F 1ML (2304529) B BEHZ LY (LP0021).
% B (G8150). ConA-Alexa 594 (C11253).RevertAid
% — B cDNA & B 7 & (K1622) (3£ [E Thermo
Fisher Scientific 23 7); % Y61 157 28 (calcofluor white,
CFW, 910090). H % (179418) (3% [E Sigma 2 7)); HI i
(67-56-1) =S T 5t (67-66-3) (AL 5T @) K 4040 T2
"), I (A787491, b sk AE AL R A IR A
A]); H B RNA PR3 $2 BU 7 & (RE781-50T, b3t
Coolaber 2 #)); PerfectStart® Green qPCR SuperMix
(+Universal Passive Reference Dye) %<k} 7% ¢ 7€ &=
PCR TR (& 1 74 Dye, AQ602-02, H[H 44
e A B4 A R 2 7]); Cell Counting Kit-8 (CCK-8,
103873, 3% [E MedChemExpress “E¥ R A A]).

b4 IMB-D7 LA 10 mg-mL" % T DMSO, —20 °C
it 17, PitE B R B (T1067, i M AR A YR R A
@) LA 10 mg-mL" % T DMSO, -20 °Cf#47; YPD i {4
B IR 3 (1% B BF 32 B < 2% I 25 1 5 - 2% 6 %0 B,
115 °C & J& K i 20 min, 4 °C { #%); XTT T. 1F W
(0.5 mg-mL" XTT. 1 umol-L" H Z5 i, —80 °C fi# 17);
RPMI1640 %5 7% 2 (1% RPMI1640. 0.2% NaHCO,.
0.165 mol-L" MOPS. 2% % % ¥4, pH 7.0, 0.22 um i &
At ERRTA, 4 °CIRTT).

IR 2 DAL AL (EnVision2104-
0010, 3 [ PerkinElmer A #]); {51 & %555 (DM2500 5
B 3OO0 U (DM6B) (A [ gk A F); 4 B
(Crossbeam340, 1% [F ZEISS /A #); SZi 5E B HIE X
(FTC-3000, /%=X Funglyn Biotech Inc A &]); NanoDrop
Gy CIEEETE (F-3100, BN IE FAEMHE ARG R A,

BRRAECH A ERE ATCC 10231 7E35 °C%
P£°F F YPD [E /K5 37 0 _E 15 9% 24 h, B 5 PR S5 7%
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2 YPD Witk RE g S, T35 cCH R E 0 AE K I
B0 AR S, H PBS Bik 3 I, FI RPMI1640 35
FRILFERE A 2x10° CFU-mL",

A% E&/NIERE MIC) M /)N REIRE
(MFC) M £ #R # CLSI (Clinical and Laboratory
Standards Institute) JJ7 i3k (1) 77 154G U IMB-D7 X i &5
S R T TR M, BAR O A e st o b
R T B EEFL 100 pL 358 & 96 LA 55 95 b, BE 5
FEFLIIA 100 pL RPMI1640 £ 77 35 4% LU AR B 1) IMB-D7
S R B, LSRN 0.25~128 pgrmL”, 0.1%
DMSO &b 2 20 1 A BA 1 % B, AN 988 % B 3 AN R AL,
SIS EE 3R, 96 FLA B IR T35 CH B §
24 h, Jo P RR AT LGH R AR K I B ARV B 5 SN MIC A
X F MFC {3 52 , B 100 pL IMB-D7 B¢ % 14 5 % B ik
B T MIC B AL 55 72 W0 3 T YPD [ 44 5 77 4,
35 °CHpFE W E 24 h, W 80D T 34 SRR E N
MFC. SEEGE S 3K,

ARSI HAANAN D BRI (human
oral epithelial cells, HOEC) H ¥ &+ HUH, &5 .U &4
MG EET5A 10% 54 i () DMEM 15 973, 25
T4 f 55 3% 1L, 37 °C 5% CO, 21 i 55 % 56 v 85 9%, 4%
R AEAR S 4 B A FH IR A A, 25 0o WO SR A B S5
#ET 10% a4 1175 DMEM 35 77 5, {4 Ho 45 22 7+ 40
R 5x10°4 . K4 BB R FL 100 pL 0T 96 FL4H
s FE AR, AR R A P RS 9% 12 h S, /D R RS 97
B, SR J5 i N DMEM ¥ 7% 2 i L6 % B 1) IMB-D7
(1.562 5~50 pg-mL™), [A i 0.1% DMSO 1E Jy [f 4 %}
M, AN M ARG 97 48 h g, R FREE R &, LI
100 L DMEM 5 75 H #i B8 (1:10) [ CCK-8 k7, A
F CCK-8 (145 77 HAE 9725 0 BR, R 96 FLAH M 35 752 48
BN R E 3 he BEARDUS I A4, 8, FAK
FEREIANEI, LR ER 3K ERKIHE (%) =
[1 = (4ys0mp.07 _A4507FE|) ! (A4sopmso _A450’FEI)] x 100%.

EREREE EMPE YRR LS R E
VEHEAT TS RS I IMB-D7 %o A5 4 3k JE TR 1 F 40
HIAE Y, =% R AL 100 uL i\ 21 96 FL4H 5 57
B, B 5 A FL DN 100 pL RPMI1640 5% 37 3 4% L 7
B ¥ IMB-D7, i 29 £ 8 0.5~8 pg'mL", [F] B
0.1% DMSO /E N EHPESTE . RPMI1640 £ 38 F:/E oS
IR, R NR R E 3N T AL, B FRIRAE 35 °C o3 il
FrE B 12.24 F148 h, SR J5 8 FH PBS 5896 3 DL 23 %
B BN 100 pL FEE[E 5E 15 min 5 T %
TR T, BRI 100 pL 0.1% 25 58 R i s 0 R et
30 min. I PBS %29t 3 K PA LBk 2 R L (), BEFLIN
A 100 pL 100% £ BE, %5 N E 1 h, BEFR AR A4,

B o DAJG 24 %] HE AL A ) 1 i A= ) £ 100%, IMB-D7
A ERH AP RE LW E (%) =Asosnmnr — Asosarr) /
(Asos DMSO_Asgsi*t'l) x100%. I HEE 3K

N T KGO IMB-D7 % 52 AE W0 45 B 5201, 100 ul
BRI B 96 FLAR H, 37 °CH# B 1555 24 h T U2
(R A P Mo, Wk 5 97 L 9 PBS B 3 I, I
RPMI1640 # (1) IMB-D7, i H 4 N 2~32 pgmL,
[ 0.1% DMSO 1E B M X R . 55 FRAAE 35 °CHf
Ri g% 24 h g, ¥% B ok 7 v AT 4 R g e RN B b
B, SEIREE 3R

IMB-D7 &b 2 4= W9 B A A E 3 J7 VR 3R AT 45 il 5%
gett, FHPBS B3 IR MR 2 R G, (518 B
BE10fE M EE .

XTTREE XTT W EZH T -5 IMB-D7 %4k
AP TS 248 3 g PR A 4 U, 0 R A A g
TV FS R RS 3 1) A2 P 0 JE ) 52 o TMIB-D7 A 3825 ) 4
JIEE £ 5 955 7D 45 4% e 0y, 5 9% Jm WRGE RS 9% 3R 0F
PBS £t 3 %, B LI 100 uL XTT TAE W, 37 °C%
PRI E 2 h, BEFR ORI 4, 18, BNRE R E 3
AL, SEES HE A 3 UK, LUIG 24 0T HE 2H AR W i R 4 PR v 7
N 100%, IMB-D7 4b # 20 A& 9 % B 40 B 3% 71 (%) =
(Aoppr ~ A4903{|’|)/(A490DMS0 B A4905—:‘I'!) x 100%-

IMB-D7 ¥ B /& Bk B B £ - 22 R 55 R A £2 1D
B AL 100 uL N 96 FLAH I 3% 3241 v, Bt i 4
FLIIN 100 pL RPMI1640 £ 77 3 4% LU 7% B 1) IMB-D7,
i &Ry 1~8 pg-mL”', [AF 0.1% DMSO {F A BH
PEXTHR, B FRIRAE3S CC I E R 7 3.6 A1 9 h, i H
PBS % 3 Yk LA bR B IF 41 i, 18] B 1B 40 fif ML %2

BEEDS KoSuLHEEWMINE &A 2~
8 ug'mL" IMB-D7 ] YPD [&] #5574 I, 0.1% DMSO
VEN XS R, 35 cCBF B 1597 7 K, (81 B B BT 10 7%
WMERHIELES

FHEBER RS2 mL I 235 mm
I i 8% 7% ML AR, Bt )5 A5 FL 0N 2 mL RPMI1640 £ 7 &
£ L6 F% B () IMB-D7, i I 289k 58 1~4 pg-mL™, 7]
i} 0.1% DMSO /E N I PEXT IR . 1538 007E 35 °C R iff B
B 9% 24 he W R FRIL G, (6 H PBS 2 e 28 W) 4k JiE
3K, N A [ 5 9 I 2 T 4 °Cik 2, i PBS # 3k
3K, A0 A B AE AN [R R B 2B (30%+50%+70%
80%- 85%+90% F195%) H il /K5, IR A 100% £ H
10 min. 2875 F Rt & Ab 5, B 4 6 i s
2 000 F1 5 000 % N MMM -

HSERE MMM A 7RI IMB-D7 52 75 51
% Bk BT R AR W 2R TR B D, B RO R AL
100 pL N2 96 FLAH MR IRtk B8 S RELINA 100 uL
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RPMI1640 5 7% F& % LU F BE 1 IMB-D7, i H 29K 2R
0.25~8 ug-mL", [A} 0.1% DMSO {1 Ry B % 18 . 1%
FEWAE3S CC T EE IR 2 h )G i Ie 5, @it 45 &
KRR MAEMP RN AR, BMREREINE
fL, LI EE 3K

H2BRE X HOEC BIFAMT M 4 °CLRAF 1Y YPD
[ A< 5 75 WL Bk B B 9 4 b B YPD IR B IR
35 CREGIFREMNBAEKY, A YPDE: EMBELE
1x10° CFU-mL", il A\ IMB-D7, f# J: 2 ¥k i )y 0.25~
4 pg-mL", [[Ai}0.1% DMSO {FE J [ P45+ I8, 35 °C K &
B R 12 he B0 L LIS, 4 RPMI1640 K 77
Ha Ak, R EIRE N 1x10" CFU-mL", HOEC
fi I RPMI1640 £ 77 3 8 B ik 5 £ G2 T+ 1x10° 4
B J5, K5 0.1 mL # & 5 0.1 mL HOEC ¥ %7, 37 °C4t
K578 1 h, 150 rmin” Z0 A 5, L8 175, PBS E &
DUVE J5 HUORE, A58 F O 5% 2 U 40 1% R BE L BL A 100 4
HOEC I Ff 35 (1 B M 20, SE 00 B4 3 0. A X 2 bt
K% = (F 2 o / L pyso) X 100%.

FR7K 1% (cell surface hydrophobicity, CSH) # K
FH 7K = J& 19 AH 2 Wl 28 FF A ) CSHL B 8 9 4% I 4 AL
2 mL N 21 6 FL4H B 35 7=tk b, Bl S & LI 2 mL
RPMI1640 3% 7% B % L6 36 BE (1) IMB-D7, 8 H 2K B2 Ry
1~8 pg-mL", [E I 0.1% DMSO & N B X i . 35 °C
F B 7% 24 h, i PBS #2006 3 R DA L FR B VR 40, ¥
A W A0 S 40 P 0.8 mL PBS 2% i B R i, Al 1% =
TV Ay N A,- BL 800 pL 77 ¥ 5 200 pL H 2K
RBE, mIEYE 3 min, 2R 5§ B 10 min, TN JE /KA
MWALERNA. BMKREREIANES, KBEE
3. BAKMEARW T (1-4,/4,) x 100%-

YHAmEE e B IZBAEL2 mL I 6 LA
i 5% R AR R, BE 5 & LI\ 2 mL RPMI1640 55 5% 5 1%
EE 7% B 1 IMB-D7, il L 23R % 1~4 ug-mL”, [A] B
0.1% DMSO VE A BHPE TR . 55 92K AE 35 °C i B 1
77 24 h, {fi F PBS 88 3 R LA 2 B B 40 0, i 4%
% B S 2 21 [F 52 WAL FE 30 min J5, T PBS ¥
3R AR S 2 kAT G 5 ik, ARS8 B
BN AEH 100xH BE ML ZE - R . 500 pg-mL ' R =
TEREE et 15 min J&, #4056 100 pg-mL™
CFW ZE I N #8143 min J5, #2841 ¢ 6 W %%
ConA-Alexa 594 F 37 °Ci#E Y Yt 15 min J5, ff AL 4
PEMEL

SRR E 2 PCR (QRT-PCR) IMB-D7 Il A&
A 4 mL BRI 6 FLARMRE TR, B2 4 pgmL ',
A 0.1% DMSO 1E A B PEXT I . 55 R B4 35 °C F i
BERT IR 12 h, 1 PBS 0 3 Yk DL 2 B B v i i, Wik

41 A S5 FH T RINA PR B2 BG 7) E FR A BR
) RNA. i H NanoDrop 43 % % J& i1l 52 RNA ¥ P .
441k ) RNA Bl J5 18 1] RevertAid 55 — 4% cDNA & s
7 55105 ¥ 5% v cDNA, P 75 52 B 58 & 406 3 40T
qRT-PCR. qRT-PCR [ SiAR R 407 F: it 2 pL, bR
514 % 0.4 pL, 2xPerfectStart® Green gqPCR SuperMix
10 uL, TCHE/K 7.2 L, 2R : 94 °CTHIAR 1 30 s,
94 °CA5 1 5 s, 50~60 °CiB ‘K 15 s, 40~45 i 3,
72 °CHEAH 10 s; 5 7 65~95 °C I fift # 28 7 Bt J4) by 7=
YRR S . WS 3ER N 18S rRNA, H F3E R R £ 4
DRI 51 40 7 30 L 1, SR FH 2 22 o JE TR 3R 08 1R A X6t
AT 2 AN RIS R BRE IMB-D7 i1 24 Ak 1 4 B
PR 0 22328 S AR 35 T I8 24 56 FR 4L TR AR PO B AL

FirZE S Giit ¥ 8 4 GraphPad Prism #4F
A 10.0, $HE 7R R x + s, AS 7] L0 HH 40 18] £ Eb 35
BLR & 7 £ /0 T (one-way ANOVA), P < 0.05 371 H.
HREEES.

ER
1 IMB-D7#HEEEM (MIC F1MFC) FZRpES 14

N T 8 IMB-D7 LA ) 9 AR F 2 15 5 Xt
i 5 A4 P 00 1) PR A O, ARSI TR I T AR i AR
K&, IMB-D7 Wi 5 1 3 BR B A A 40 1) 3 1,
iR R, A AE T, IMB-D7 () MIC Al MEC 43 %
N4 F1 8 ug-mL", W 1% 5 & B 1 MIC Fl MFC 43 %l N
0.5 F14 pg-mL"'. 4h, IMB-D7 % HOEC H A5 B K 11
i (B 2), FL1C,, M 23.75 pg'mL ',
2 IMB-D7 3 BRERE £ M BE A HIHE M
2.1 IMB-D7HIHIEM#HERI K IMB-D7 5 H&
EREA [E N 96 FLAR 1, 23 AIAE 12,24 F148 h Al A4
VDA ISR B, 30 Ik &5 o 8 % R 2R XTT e 5 VR
IMB-D7 X AN [R] A= P 15 S8 T2 Fl I B P 4 ) P o &5 51
Wi 3A o, 500 245 0k B A B, S AN R IR TR]
IMB-D7 &b £ 25 1) 4= W) 4 L T R 26 351 2 90 B I 77 =24k
M T B, E 12,24 F148 hitf, 8 pg-mL"' IMB-D7 &b
L ZH PR A WA T A D T B 43 00 R 4.95% + 0.31%
25.01% + 0.76% F117.14% + 1.27% (& 3A), 11 40 i i
AL A 3.14% + 1.04%- 1.04% + 0.22% Al 0.86% +
0.55% (KI3A). 45 ek R Y (K 3B) R, LA X A
IR €, H AR A B S, B B 2B T R AR
BRI 2% 25 ey, T 22 IMB-D7 A B % 5 76 e €2 T ) 2%
PP 35 5 IR 3 R A () R B, 7E 8 pg-mL!
I, AN LA B SR G5 M . 27 BTk, IMB-D7 565 15 44
A0 1) A 0 B ) T R
2.2 IMB-D7 e BEBRA R EWE A H & Bk



- 508 - 222224 Acta Pharmaceutica Sinica 2026, 61(2): 504-514

Table 1 Primers used for real-time PCR; 18S rRNA: 18S ribosomal-RNA; bcrl: Biofilm and cell wall regulator; ndt80: Meiosis-specific

transcription factor; fecl: TEA/ATTS transcription factor; brgl: Biofilm regulator; robl: Regulator of biofilm; efg/: Enhanced filamentous

growth 1; als/: Agglutinin-like sequence 1; als3: Agglutinin-like sequence 3; ras/: Ras family GTPase 1; Awpl: Hyphal wall protein 1;

ecel: Extent of cell elongation 1; cyrl: Adenylate cyclase 1; wscl: Putative cell wall integrity and stress response component 1; wsc2:

Putative cell wall integrity and stress response component 2; fks/: 1,3-Beta-D-glucan synthase 1; big/: N-Glycosylated integral membrane

protein 1; cht2: Chitinase 2

Gene Forward primer

Reverse primer

18S rRNA CGATGGAAGTTTGAGGCAATA

CTCTCGGCCAAGGCTTATACT

berl CTTCAGCAGCTTCATTAACACCTA TCTTGGATCAGGTGTACTTTTCAA

ndt80 CTGGCGAACTGAGAGTTCCA AGGTAGATTGGTGGTGGGA

tecl TGAGCAACAACAACAACAACCAC CTGGGTTGTTGTCATAGTGGCC

brgl ACGATCAACCATTAGTGGAGG GAAGAAGTAGGTGTAGATGATCCAC

robl CTGGATTCATCTCTTGGTTCACC TGTTGTTGGTTAAGGTGGACGTG

efgl TATGCCCCAGCAAACAACTG TTGTTGTCCTGCTGTCTGTC

alsl TGTTACTGGTGGAGCTGTTG TGTGTTGGTTGAAGGTGAGG

als3 TAATGCTGCTACGTATAATT CCTGAAATTGACATGTAGCA

rasl CCCAACTATTGAGGATTCTTATCGTAAA TCTCATGGCCAGATATTCTTCTTG

hwpl TGGTGCTATTACTATTCCGG CAATAATAGCAGCACCGAAG

ecel CCAGAAATTGTTGCTCGTGTTGCCA TCCAGGACGCCATCAAAAACGTTAG

cyrl GTTTCCCCCACCACTCA TTGCGGTAATGACACAACAG

wscl TGGTGGTGACTCCAAAGGTG AGCTTGATGAAGCACTCCCC

wsc2 ACCACTCAACCTCGAACCAC AATGCTGTTCCTGCCACTGA

ksl CAGCTTGGTCTGCTGATCCT CCTGAGCTGGTGACATACGG

bigl TTATTCGTCCTACTAGCAT CATATTTGTCACCGAAGTAA

cht? GCACCAAATACGTCACCATTG GAAGGCAAAGGCAGCCAATAA

1509 3 IMB-D7 &0l B ERE R R 6E
< 100 ) 21 60 06 S A A 0 e B I RS ) 55— B B, AR S ik
£ IC5¢=23.75 pgml” —BWEFC T IMB-D7 % (4 & Bk BB AE R . R
£ JH 96 FLAH MBI ST T IMB-D7 & 75 540 (& Bk
=)
. /S X R TR I 0. B0 [ 4A T, 15 DMSO
03 10 s 20 Ak FH S FEZE AR B, IMB-D7 4 3820 [ 35 T 96 FLAR 11
504 Log concentration/pug-mL"!

Figure 2 Detection of the cytotoxicity of IMB-D7 on human oral
epithelial cells (HOEC). n=3,x+s

B 2B P 6T T BT 2 R I S T HES LR, N
TV IMB-D7 1A PR I 5, K B
BRI R 31 96 FLAR 24 h TE BRI AR M 5, SR 5 TN
IMB-D7 &b 2 24 h Ji5 347 A= ) 5 040 B V& 7 (A DU
IR WE 3C Frw, 5250 R4 AR L, IMB-D7 4b 38 20
[ A 9 A S A= - R 4 M 9 g S ) R AR A 1 T
4 pg-mL WRFERT, AWM I AE R R 5 A2 71.48% +
6.23%, ZHMIIE 1M 62.29% + 5.65%, 1fi 16 A132 ug-mL
WS, TR 5 A 57.55% + 3.39% F1 56.65% +
5.70% (K& 30), 4l 7% 718 54.41% £1.69% F1 47.50% +
4.11%. Wi EEREAERME TP UET
IMB-D7 Xf B 24 A2 W) %% JEE ¥ 52 i, 4n 1] 3D BT i,
DMSO 4b ¥ 20 52 Bl 0% m Qe 0 R 2, 32 pgrmL!
IMB-D7 Ab 35 I (1) 5 34 () A= 4 4 J 4 i 22 196 B S i,
BT

Ay RO E AR T . 0.5 pgrmL VK EE R,
AH X 28l B RN 57.72% + 2.97%, 1M 8 pug-mL™ ¥4 & i 4
X 6 B AN N 24.47% + 3.24%.

H#t— 35 N F HOEC £l IMB-D7 J& 15 5 1 [ 2 ¥k
BT AE R B RE J1 . Wi 4B iR, 5 DMSO X
HEB AR L, IMB-D7 2B & PR A B T HOEC &
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Figure 3 Effect of IMB-D7 on C. albicans biofilm. C. albicans biofilms were treated with IMB-D7 or 0.1% DMSO for 12, 24, and 48 h.
Biofilms cultured 24 h were treated with IMB-D7 for an additional 24 h, and the formation of C. albicans biofilms was quantitatively
evaluated and visualizaed using crystalline violet staining or XTT reduction method. A: Inhition of IMB-D7 on biofilm formation; B:
Inhition of IMB-D7 on biofilm formation with crystalline violet staining. Scale bar was 50 pm; C: IMB-D7 disrupted the mature biofilm; D:
Disruption of mature biofilm by IMB-D7 using crystalline violet staining. Scale bar was 50 pm. n = 3, x £ 5. P < 0.05, ""P < 0.001 vs
control. XTT: 2,3-Bis-(2-methoxy-4-nitro-5-sulphenyl)-2 H-tetrazolium-5-carboxanilide
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Figure 4 IMB-D7 decreased the adhesion and hydrophobicity of C. albicans. A: IMB-D7 inhibited the adhesion of C. albicans cells on
96-well cell culture plate. IMB-D7 and C.albicans were simultaneously added to a 96-well cell culture plate and incubated together for 2 h.
The biomass adhered to the wells was detected by crystal violet staining; B: IMB-D7 inhibited the adhesion of C. albicans cells on HOEC.
IMB-D7 treated C.albicans for 12 h was co-incubated with HOEC for 1 h, and then the number of cells adhered was counted and the relative
adhesion rate was calculated; C: IMB-D7 reduced the hydrophobicity of C. albicans biofilms. Cell surface hydrophobicity (CSH) was

assessed using the water-hydrocarbon two-phase method. n=3,x+s. ""P < 0.001 vs control
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Figure 5 IMB-D7 inhibited the formation of hyphae in biofilm of C. albicans. A: IMB-D7 inhibited the transition of yeast to hyphal phase.

C. albicans biofilms treated with various concentrations of IMB-D7 or control (0.1% DMSO) were observed at 3, 6, and 9 h using a light

microscope. Magnification 40%, scale bar was 5 um; B: IMB-D7 inhibited hyphal formation in C. albicans colonies. C. albicans was
cultured on YEPD solid medium containing IMB-D7 (2-8 ug-mL™) or control (0.1% DMSO) for 7 days at 35 °C, and the morphology of
hyphal of the colonies were observed using a light microscope with magnification 10x, scale bar was 30 um; C: SEM images of C. albicans

biofilms treated with IMB-D7. The biofilms were treated with IMB-D7 (1-4 pg-mL™) or DMSO (0.1%) for 24 h, and then examined using

SEM. Scale bars were 4 um (2 000x) or 2 um (5 000x)
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Table 2 Relative change of target gene in IMB-D7-treated C. albicans biofilm compared to the control

Gene Mean SEM

Gene-encoded product and function

berl 0.49 0.14
ndt80 0.33 0.03
tecl 0.19 0.03
brgl 0.02 0.01
robl 0.45 0.06
efgl 0.06 0.02
alsl 0.27 0.08
als3 0.60 0.17
rasl 0.48 0.07

Als1; cell-surface adhesin
Als3; cell wall adhesin; epithelial adhesion

lence, apoptosis
hwpl 0.43 0.04
ecel 0.20 0.03
cyrl 0.54 0.17
wscl 0.03 0.01
wsc2 0.27 0.05
sl 0.52 0.12

film induced
bigl 0.85 0.20
cht2 0.51 0.15

Hwp1; hyphal cell wall protein; hypha-specific

Berl; transcription factor; regulates a/alpha biofilm formation; confers adherence

Ndt80; meiosis-specific transcription factor; required for wild-type drug resistance and for spider biofilm formation
Tecl; TEA/ATTS transcription factor; hyphal gene regulation; regulates BCR1

Brgl; transcription factor; recruits Hdal to hypha-specific promoters; Tn mutation affects filamentation

Robl; Zn(11)2Cys6 transcription factor; impacts filamentation, biofilms, and commensalism

Efgl; BHLH transcription factor; hyphal growth, cell-wall gene regulation; roles in adhesion, virulence

Rasl; RAS signal transduction GTPase; regulates cAMP and MAP kinase pathways; role in hyphal induction, viru-

Ecel; candidalysin, cytolytic peptide toxin essential for mucosal infection; hypha-specific

Cyrl; class III adenylyl cyclase; involved in regulation of filamentation, phenotypic switching and mating

Wscl; putative cell wall component; transcript upregulated in cyr]l mutant (yeast or hyphae)

Wsc2; putative cell wall integrity and stress response protein; mRNA binds She3

Fks1; essential beta-1,3-glucan synthase subunit; mRNA abundance declines after yeast-to-hypha transition; spider bio-

Bigl; endoplasmic reticulum protein; required for beta-1,6-glucan synthesis, filamentation, adhesion, and virulence
Cht2; GPI-linked chitinase; required for normal filamentous growth
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Figure 6 IMB-D7 influenced the components of cell wall. The biofilm exposed to various concentrations of IMB-D7 or DMSO (0.1%) for

24 h and stained with aniline, calcofluor white (CFW) or ConA-Alexa 594. A: Biofilms stained with aniline blue solution; B: Biofilms

stained with CFW. Yellow arrows highlight the cell wall surroundings, while white arrows indicate the septa; C: Biofilms stained with ConA-

Alexa 594. Magnification 100x, scale bar is 10 pm
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Figure 7 Changes of gene expression in biofilm cells treated
with IMB-D7. C. albicans was treated with IMB-D7 (4 pg-mL™)
or 0.1% DMSO for 12 h and the expression of target genes was
detected with QRT-PCR. n=3,x £ s
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