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Abstract: Candida albicans (C. albicans) stands as the primary opportunistic fungal pathogen responsible for
fungal infections. The formation of biofilms constitutes a key virulence trait of C. albicans and a pivotal factor in
drug resistance. Consequently, the development of antifungal drugs possessing biofilm inhibitory properties holds
importance in the treatment of fungal infectious diseases. This study conducted in-depth research of the novel
biofilm inhibitor named 1-(cyclopentylamino)-3-(4-(2,4,4-trimethylpentan-2-yl)phenoxy)propan-2-ol (IMB-H12).
IMB-H12 showed good inhibitory activity on the formation of biofilms and a certain scavenging effect on mature
biofilms. Preliminary research on the mechanism of action has found that IMB-H12 can inhibit the transformation
from yeast to hyphal phase, inhibit the formation of mycelium, and reduce the adhesion activity and
hydrophobicity of Candida albicans. IMB-H12 could also induce changes in the content of cell wall components,

downregulate the expression of multiple genes related to adhesion and hyphal formation. Therefore, further
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research on this compound is expected to discover new lead compounds with antifungal activity.
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Figure 1 Structure of IMB-H12
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XTT L AE# (0.5 mg-mL" XTT. 1 umol-L" F %5 fig
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X (FTC-3000, /1% K Funglyn Biotech Inc A ).
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AL, LI EAE 3R LAIE 250 R4 A RN 100%,
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%M 1.56~6.25 ug-mL", 0.6% DMSO 4t B fL 4 T 24
XTHE . TE2.4.6.8 h {5t FH {51 B 2 TUBE 40 i I 52 18 11T
BN

BEERAS  Hl%53.13~12.5 pyg'mL" IMB-HI12
(1) [ & YPD K5 7% 2k P4, #F 0.5 uL B &, 0.6%0
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LR Y EE PCR (QRT-PCR) [ & 1% R 45
fL4 mL 850 %5 6 FL4HH 5 7Rk, N IMB-H12 i H
UK FE N 0.78 pg-mL™", 0.6%0 DMSO 4b H FL 4 J¢ 24 %f
M. 37 °CHp B 597 24 h 5 7 L8, f H PBS i ik
3RLABEEBIFHE . 1500 xg B0 5 min W4 40 D,
K F RNA IR 77 & 52 B K 246 2 Bk B 1 RNA,
NanoDrop 73 Y6 Y6 B A & RNAWRIE . SERF 2 6 8 &
RT-PCR % M & % 40 R : DEPC /K 6 pL, PCR Master
Mix-Plus 10 pL, Plus Buffer 2 pL, = FIF 514 % 1 uL,
cDNA I pLo B ZKMAUTT: 95 °CTiALE 60 s, 95 °CH&
PE 15 s, 60 °CiE K 60 s, 40 N IK, 72 °CHEAH 10 min;
¢ Ji 6595 °CH ik i 26 o3 B FI Wt = W R e k. A
Z 5K 8 18S RNA, H W2 F a1 5R 1 fiow, 3 H R ik
B E TN 20k, 2/ o Ay I R A
IMB-H 12 /i1 24 4b 3 20 B Bk 1) 3208 2 A3 T o 25 0 G
HAERIILE. 1T HIILER L,

H /& ¥ & MIC U £ 4% M CLSI (Clinical and
Laboratory Standards Institute) Tt i i& /) J7 ¥ #& il
IMB-H 12 X V7 Ui DR 785 19 1 28 Bk i 400 1) 3o ke, L A e
i P ek o B B R B R VRRE AL 190 pl A F)
96 FLAN B 5 72 4% F, #R 5 BEFLIN 10 uL RPMI1640 i
EU A% B 1) IMB-H12, i L 23R & 9 0.78 ~100 pg-mL",
PA 1% DMSO Ab 22 5 1 %ot B8 o [7] B 4505 P 25 25 B X6
. BMNREREINEL, LREE 3K 96 LK
1E 37 °CHf B 5537 24 h, DA H B AR AT AL 1) A= K e A1
WPE N MICHE

AT MR YR AN IR R R4 M L-02 B )
R EUH, SO WCEEAN IS R T A 20% 6 2R i
1) DMEM £ 77 &, 250 T 4i fig 55 7% 1L, 37 °C 5% CO,
Y MBS SRAR R R 3R, AR AR 1R AR ARUS 4B i P
Ak, B0 S E BT 20% G4 1fiE DMEM 4
FRIE F B AFFL 5 000 (100 pl) #2256 F 96 L4 i 1%
FEMR . RAEK B EE, WA, SRS A

DMEM 5 77 %5 fif LU ¥ B¢ 1) IMB-H12, 25 ¥k £
0.39~100 pg-mL", [F I f# 1% DMSO & 2 I f .
37 °C5% CO, 41 Jfd 55 77 46 55 9% 48 h i, Wit B 7%
%, PBS VL Wi i J5 N\ DMEM 5 3% % 4% F 1) CCK-8
R (1210 F B, B 4L 100 pL, 7525 % I8 5L doin AAS
T CCK-8 57735, 1B N FIX IR . SR 5 H 96 FLAR K
N TR 2 h, BEFR AR A0 BEMKERE
3IANEAL, R EL 3. MH %=1~ (Aysompan—
Assozr) | Agsoonso = Ausoz) 1¥100%, B F GraphPad
Prism 5 2 FRECHE, A T B R EANHIRFE (1C,,).

FItZE M A EE S AT 3 RO L S
5, B 2278 N mean + SD, /S [F] &b B 20 7] ) L 451 A
FLR & J7 243 BT (one-way ANOVA), P < 0.05 £/ 2
SHGI R L

Z#HR

1 IMB-H12 #]l B & Bk 8 & 45 R A 72

1.1 XTTHEEN ST E DM ERINHIENE F
M IMB-H 12 X A~ [ I 5 7149 A 42 4k S 7% ol g 0 o 3 12
IMB-H12 5 F & kB R A2 96 FLAR 1, 73 B 7E 2
1224 F1 48 h Kz I A= ) B J 1) T2 s, MR 524K 0 % b
A AN [5) A 0 e JE TR BB B ) ] o 5 SR &1 2A P
7N, 152 Wiy, A6 FTE 2506 B, 1.56 pg-mL " L &%)
1R R B & B 2L R i = B R D, TR R e h I B
(19 21.76% = 7.22%, Fifi 35 A< B (0 38 i, 26 B & 52 AR
A IR FEAIS, 7E 6.25 pgmL ' N, T LA 5.697% +
3.25%. [AJH], IMB-H12 G815 5 2 H 400 i) A= 9 95 5 1
TE R, 5 70 24 % A A BL, 2% /S A0 I T3] IMB-H 12 4
2 1R A= 0 5 BB T R 35 S 0 B R Ao 1 R
F#, 6.25 ng-mL" i, IMB-H12 J1-F g9 58 4 0 1] 4= 4
BRI . N T R AE & 5t BB S 1 (A Sk B AR
WA T B ) PR G 1, TE BN 2 h s, Bk 25 R BBt
BB, BN IMB-H12. 45 300 2B s, 5 R

Table 1 Primers used for real-time PCR. 18S: 18S ribosomal-RNA; CHS/: Chitin synthase 1; FKS/: 1,3-Beta-D-glucan synthase; CHT1
Chitinase 1; ALS3: Agglutinin-like sequence 3; HWPI: Hyphal wall protein 1; EFGI: Enhanced filamentous growth 1; PLB2: Phospholipase
B 2; ECE1: Extent of cell elongation 1; ERG1I: Sterol 14-demethylase; ERG20: Bifunctional (2E,6F)-farnesyl diphosphate synthase

Gene Forward primer Reverse primer
18S CGGGCTCTTTGATGATTC CTGCCTTCCTTGGATGTG
CHS1 CTGACAAGAGCCAACACTGC CGCCTCTTGATGGTGATGAT
FKS1 CGTGAAATTGATCATGCCTGTAC AACCCTTCTGGGCTCCAAA
CHTI GCACCAAATACGTCACCATTG CCTGAAATTGACATGTAGCA
ALS3 TAATGCTGCTACGTATAATT CCTGAAATTGACATGTAGCA
HWPI1 TGGTGCTATTACTATTCCGG CAATAATAGCAGCACCGAAG
EFGI TATGCCCCAGCAAACAACTG TTGTTGTCCTGCTGTCTGTC
PLB2 TGAACCTTTGGGCGACAACT GCCGCGCTCGTTGTTAA
ECEI GCTGGTATCATTGCTGATAT TTCGATGGATTGTTGAACAC
ERG1I AAGAATCCCTGAAACCAA CAGCAGCAGTATCCCATC

ERG20

TTACCCGTGGCATTAGCAATGTA

TCCCAAGGGAATCAAAATGTCTC
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AAHTR], IMB-H 12 4 TH R 6 771) 5 4 i b 400 o A= 420
FEERRITE e V28 T AR WM IS 1Y) A Bk B X L L 24
W EAG SRR B L, R A BR R T 24 AL ) B
BREZ—. AT N IMB-HI2 2 & X5 2 & A
W RS ) BB A T, K 1 R B R 31 96 LR
24 hE AR, AR S IO IMB-H12, 45 5 &
2C iz, IMB-H12 B A — & 1 7 & WM 138 BR AR
H, 6.25 pg'mL" IMB-H12 £ 12 Fi1 24 h I, 2E W45 5
FCRAL A TE 25 50 B AL 54.79% + 7.23% F115.42% +
2.72%.
12 SZE@EFRE 450 RRRE S A4S i
1 H G BRIE €, 45 8RB R AR DA TR IR VT A
J5 ik 22 U0 IMB-H 12 5 A 47 98 JES A 1l 11 400 1) 5 4 S
HAZ DV . W 3 BT, o 2R HE B G
LIRS B, AR A AR v, 2B I TR 22 RS B
T R E 3 I RR 45 84 o 17 1.56 pg-mL"' IMB-H12 4b 7
ZFL (10 G €00 00 DR R 5 ) R B R BRI, I ELBE & VR FE 1
S, Y R0 R 25 40 B P 2 30 7 A () BRI, 7
6.25 pg-mL" B e 8 o mR, L EA B K 22
A
2 IMB-HR2 g8 B HIFI A SHKEMNEBEES -ELEW
i ith

P BT 22 A 2 1 A B R A D B ) B R TR A AR
b, TE S ER A 2 hJ5, NN IMB-H12 3@ 1 4 &
MBS G YR A& BRE A . W 4 pr
TN, M 2~8 h, T2 FE TR 2T T B A R B 224, I
HadE— 25 B G TV 1 B 22 A R I BE A 4 B 2 % 1 Tl T
.o 1M 1.56F113.13 pg-mL™" IMB-H 12 &b FH 15 (1) 1 22 7R 8¢
T, IR VA 1) T B 32 B $0 1, 6.25 pg-mL IMB-H12
T F56 808 447 B 40 L 5 4 400 4 /5 T REAH
3 IMB-H12 8B B HNHIRE S B £ A A

BRI V& B 22 1R T 1t gk — PR S5 7 IMB-HI12 %
SRR P A 22T B AR S T A S BTOR, TEAN
A IMB-H12 [ AR 772 b, 5592 7 K5, A &R E B
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Figure 2

Figure 3 Biofilm inhibitory activity of IMB-H12 with crystal
violet staining. The biofilm treated with IMB-H12 or DMSO
(0.6%o0) for 24 h were stained with 0.1% crystal violet for 20 min
and observed by light microscope at a magnification of 10x, and

scale bar is 5 pm

1.56 pg'mL™! 3.13 pg-mL?! 6.25 pg'mL™*

Figure 4 IMB-HI12 inhibited the transformation of yeast-to-
hypha phase of C. albicans cells. C. albicans cells were treated
with IMB-H12 or DMSO (0.6%o) for 2, 4, 6 and 8 h, and the
morphology of cells were observed by light microscope at a

magnification of 40x, scale bar is 1.25 pm
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= 3.13 pg-mL!
6.25 ug'mL"!

% S D
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48 12 24
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Effect of IMB-H12 against Candida albicans (C. albicans) biofilm. C. albicans cells in polystyrene 96-well cell plate were

treated with IMB-H12 or DMSO (0.6%o) for different time and biofilm formation was detected by XTT reduction assay. A: Biofilm

inhibitory activity of IMB-H12 when IMB-H12 and C. albicans cells were added simultaneously; B: Biofilm inhibitory activity of IMB-H12

when IMB-H 12 added after cells adherence; C: Inhibitory activity of IMB-H12 on mature biofilm. n =3, x+s. " P < 0.001 vs control
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R R D G AE B N RIIRE K B 4, WifE S
A 6.25 ng-mL! IMB-HI12 [ 85 77 5 I, 2R 9 W 2 4
B AR A, JF HL 5 I S 1 ) B AR

6.25 pg-mL”!
IMB-H12 inhibited the mycelial formation of C.
albicans colonies. The working suspension drop (0.5 pL) was
transferred to the YEPD solid plate containing IMB-H12 or
DMSO (0.6%o) and incubated at 37 °C for 7 days. The hyphae of

colony were observed with light microscope at a magnification of

12.5 pg-mL"!

Figure 5

10x, scale bar is 5 pm

4 IMB-H12 ZIEYIH RS

IMB-H12 X} A& 4 4 5 1 25 (1) 5 e 3 — 20 dd it 45
i BEREAT TSR, 45 R anlE 6 Biow, 166 25 0 R
HH AR T DL B0 ) R 22 AR S B T RS AT AE, L) e 2
AR RIRE R . T BE A IMB-H12 ¥R B A3 0, 18 22 1k A8
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Figure 6 Effect of IMB-H12 against C. albicans biofilm observed
by scanning electron microscope (SEM). C. albicans cells in
polystyrene cell culture dish were treated with IMB-H12 or DMSO
(0.6%o0). The biofilm were fixed for 24 h and dehydrated in ethanol
solutions. Then, the samples were treated with tert-butanol
solutions, coated with gold-palladium and examined on ZEISS-
SEM. The magnification was 2 000x, 5 000x and 10 000x
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IMB-H12 reduced the hydrophobicity and adhesion of
C. albicans cells to human oral epithelial cells (HOEC). A: IMB-
HI12 reduced the hydrophobicity of C. albicans biofilm. The
working suspension in 6-well cell culture plates was treated with
IMB-H12 or DMSO (0.6%0) for 24 h. The biofilm cells were
resuspended in PBS buffer and cell surface hydrophobicity (CSH)

Figure 7

was determined by water-hydrocarbon two phase method; B: IMB-
H12 inhibited the adhesion of C. albicans cells to HOEC cells. C.
albicans cells were treated with IMB-H12 or DMSO (0.6%o) for
12 h at 30 °C, and then mixed with HOEC cells. After incubating
at 37 °C for 1 h, the number of C. albicans cells adhering to
randomly selected 100 HOEC cells was calculated. n = 3, X £ s.
"P<0.001 vs control
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Figure 8 IMB-HI12 influenced the polysaccharide of cell wall. C. albicans cells were treated with IMB-H12 or DMSO (0.6%o) for 24 h
and stained with calcofluor white (CFW) or ConA-Alexa594. The samples were observed by fluorescence microscope at a magnification of

100x, scale bar is 2.5 pm

Table 2 Gene expression changes of biofilm formation related genes

Gene  Relative fold change SD Description and function

CHS1 1.489 0.408 Chitin synthase; regulation of synthesis of primary septa in yeast and mycelial phases

FKSI 1.117 0.184 Beta-1,3-glucan synthase subunit

CHTI 0.751 0.110  Chitinase, GPI protein, required for normal filamentous growth

ALS3 0.218 0.084  Cell adhesins; mycelium-specific correlation

HWPI 0.075 0.022  Mycelial cell wall proteins; mycelium-specific genes

EFGI 0.130 0.029  Genetic restriction factor 1; regulation of mycelial growth and cell wall genes; adhesion and virulence

related

PLB2 0.466 0.036  Phospholipase B; tissue degradation, mycelium formation and host invasion, hydrolytic activity

ECE1 0.077 0.112  Candida, mycelium-associated regulatory factor, cytolytic peptide toxin essential for mucosal infection
ERGI1 0.374 0.026  Lanosterol 14-alpha-demethylase; regulation of ergosterol biosynthesis

ERG20 0.360 0.105 Farnesian pyrophosphate synthase regulating isoprenoid and sterol biosynthesis
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