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DESCRIPTION KR20230106223A

Composition for inhibiting biofilm formation and antibacterial against Gram-positive bacteria

and fungi comprising indole derivatives as active ingredients
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{Composition for inhibiting biofilm formation and antibacterial against Gram-positive

bacteria and fungi comprising indole derivatives}

[0001]

[The present invention relates to a composition containing 3,3’-diindolylmethane (DIM) or
indole-3-carbinol, which are indole derivatives, as an active ingredient, for inhibiting biofilm

formation and antibacterial action against Gram-positive bacteria and fungi.] ]
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[0002]

[In areas infected with bacteria, mucous bacterial colonies formed by a large number of
bacteria exist as mucus; such mucous bacterial complexes are called biofilms, bacterial
membranes, or biofilms. Biofilms form on various solid surfaces, whether biological or non-
biological. Bacterial biofilms are complex structures surrounded by an outer membrane of a
polymer substrate composed of polysaccharides, polypeptides, and various biomaterials, and

within the biofilm, bacteria communicate with each other to defend against the external

environment. Through this, biofilms enable bacteria to survive even under various
environmental stresses, including antibiotics. ]
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[0003]

Bacterial biofilms are found very frequently not only in the general natural environment but

also in the medical field related to bacterial infectious diseases.

[Mlzto| ME=ar2 ot XtHASHA O OfL| 2t Ml 2 M Zetat 2t st oSt ZOFof| A 0§ Xt ZAHEICE
It can form on human skin and organs, appear as tartar on teeth, and may also occurin
industrial equipment, medical equipment, and body implants. Due to these problems,
biofilms have been a subject of interest for researchers studying dental caries and periodontal
disease, pneumonia associated with cystic fibrosis, earache in the middle ear, skin infections
associated with burns, and skin diseases such as athlete's foot. In a 2002 report, the U.S.
National Institutes of Health estimated that up to 80% of bacterial populations cause

infections by pathogenic bacteria through the formation of such biofilms. ]
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[0004]

Antibiotics that were effective against planktonic bacteria, regardless of biofilm formation,

also tend to lose their efficacy when the bacteria form a biofilm.

[MEU HMIE= HIHZ 2Q8HE M (planktonic bacteria)ofl CHol 2= S LIEHLHE SHMA| = M0 A

When bacteria form a biofilm, antibodies and the like cannot penetrate the thick biofilm, so

the bacteria's resistance to antibiotics can increase by up to about 1,000 times. The exact
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cause of the increase in antibiotic resistance due to such biofilm formation has not yet been
precisely identified, but it is explained by the following three factors. The first is "changes in
the physiological life history of microorganisms." When a biofilm is formed, bacterial
metabolism and proliferation tend to decrease. At this time, the bacteria inside the biofilm
experience a significant reduction in exchange with the surrounding environment for
metabolism and proliferation, resulting in lower susceptibility to antibiotics. The second is
“physical blocking of the outer membrane composed of polysaccharides and proteins.” The
electrical properties of the polysaccharide and protein complexes forming the mucous outer
membrane of bacteria have a tendency to bind to antibiotics, and by binding to antibiotics,
they physically hinder the spread of antibiotics. In other words, the antibiotic is not effectively
delivered to each bacterium, resulting in reduced efficacy. The third is an estimate related to
the general mechanism of antibiotic resistance acquisition, which is "production of antibiotic
inhibitory factors." Among the substances most well-known as antibiotic degradation and
inhibitory factors that suppress the efficacy of antibiotics, B-lactamases produced by
Pseudomonas are cited. When a biofilm is formed, bacteria within the biofilm that were
previously non-antibiotic resistant tend to acquire resistance by obtaining resistance factor
genes from surrounding antibiotic-resistant bacteria through horizontal gene transfer. In
other words, if a biofilm forms at the site of infection, the emergence of antibiotic-resistant

bacteria becomes frequent. ]
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For these reasons, when a biofilm forms, resistance to antibiotics widely used to treat
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infections develops, weakening the therapeutic effect of antibiotics and leading to a state of

chronic bacterial infection.

[Ol21et O| RS 2 25t M=20| F9=|H ZHS K=ol 22| AT SdHof Ligo] Zdsto] S|

off ot X| = 27t oFetk|H, BHE Xl Mz ZE HEfof St =t

In this case, as described above, the susceptibility of bacteria to antibiotics is reduced,
making it difficult to eradicate bacterial infections even with the use of a normal amount of
antibiotics, leading to the overprescription of antibiotics. As a result, this only increases
antibiotic resistance in bacteria and leads to the terrifying outcome of the mass production of
antibiotic-resistant superbugs. Therefore, this means that treating bacterial infections with
biofilms solely with antibiotics has limitations and cannot be an effective treatment. In
particular, infections caused by bacteria forming biofilms are often caused by multidrug-
resistant bacteria that are resistant to various antibiotics, making the problem even more

serious. |

O] 22 &7]0l| 7|2 =0l Mz =2 e dx|ofl cist Zad 0] Zobq et el eFo| o XIS AHEdl T 712
Mz Z el E[X[7F {2 A XIS DTt ESHA 2| =0 0] ZUZ M Mt o| S AH W8S 7| 2A &
1S W HEE|2|0te] FL0l2tE R 2 2nHE xelstA| ElCt. Wat, M=ol JgE Mz &

o o
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[0006]

Therefore, in order to solve the above problem, there is a need to develop therapeutic agents
that can maximize the effects of antibiotics and antifungals by inhibiting biofilm formation
through suppressing biofilm or the production of outer membranes present in biofilms,

altering the surface properties of bacteria, or inducing changes in bacterial growth patterns.

A

(2t &7] 28 E s Zst2| fIote, =8 L= =210 ZXlots 29 dihS RSt Mol #H

A S HHPALE MZo] SZTHEO| HotE REo0] M=0 9 S AMSHH el 3 X7 H e 2atE =

CHetet 4= Q= X2 H[2| 7HR0] 2Rt &7FO|C},
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[0007]

[PatentCitationText[attributes={}; value=[Republic of Korea Published Patent No. 10-2014-

0044053 (2014.04.14.

7HE35{ H[10-2014-0044053= (2014.04.14.

O

[PatentCitationText[attributes={}; value=[CH3I2I=

release)]]]

[0008]
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[The present invention aims to provide an antibacterial and biofilm-inhibiting composition
containing 3,3’-diindolylmethane (DIM) and indole-3-carbinol as active ingredients to prevent
or improve diseases caused by Gram-positive bacteria, such as acne bacteria, Staphylococcus
aureus, and Candida albicans, or their biofilms, which are the causes of dermatitis and skin

troubles.]

T

(2 wye ney Ta Y 0 S22 20l0] &= UYL IESET FMETYRF Y ZHict

[0009]
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[The present invention provides a composition for inhibiting biofilm formation against one or
more species selected from the group consisting of Gram-positive bacteria and fungi,
containing one or more active ingredients selected from 3,3’-diindolylmethane (DIM) and

indole-3-carbinol.]

[0010]

[The present invention provides an antimicrobial composition against one or more selected
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from the group consisting of Gram-positive bacteria and fungi, containing 3,3’-

diindolylmethane (DIM) as an active ingredient.

w O = O|R0{ T Zof| M MEYE 15 o] &of Chet Xl Zd =2 MSelrt.

[0011]

[In addition, the present invention provides a cosmetic composition for preventing or
improving dermatitis or skin troubles caused by one or more selected from the group
consisting of Gram-positive bacteria and fungi, containing one or more active ingredients

selected from 3,3’-diindolylmethane (DIM) and indole-3-carbinol.
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[0012]

[According to the present invention, indole-3-carbinol exhibited the effect of inhibiting
biofilm formation without cell death of Gram-positive acne bacteria (C. ances),
Staphylococcus aureus (S. aureus), and Candida albicans (C. albicans) that cause skin
inflammation and troubles, and 3,3’-diindolylmethane (DIM) exhibited strong antimicrobial

biofilm activity against the above bacteria and was confirmed to enhance the antimicrobial
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activity of antibiotics through concomitant use with antibiotics. Accordingly, a composition
containing indole-3-carbinol or 3,3’-diindolylmethane as an active ingredient can be provided
as an antimicrobial agent, an antibiotic adjuvant, an antimicrobial biofilm composition, and a

cosmetic composition for improving skin inflammatory diseases.

[2 2T I=H, 2=-3-7t2H|=2 IR FE ES{E2S REAII= 2LE HEEZ (C. ances)t &

AT AL (S, aureus) & ZHC|CH 2H|ZEX (C. albicans)2] M EAFHE gio] ME0t M S AX|St= 21t

£ LEIUACH, 3,3-CIASEHIE (DIM)2 47| Z S0l Thote] Z2sh Sl S0 24 S LIEH 1, S H|

[0013]
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[Figure 1 shows the results of confirming the effects of various indole derivatives on the cell
growth of acne bacteria (C. acne), representing the MIC (minimal inhibition concentration),
which is the minimum growth inhibition concentration of each indole derivative against acne

bacteria.

[ 12 HEEF (C. acne)2| ME GEH0f Chist Ciet A =R M Q| St

mjo
Jlot

telot 2utz, o EE =0l Ch

ot 2t olE QN9 MAE XMl £|A 5=l MIC (minimal inhibition concentration)S LIEFH Z1t0|C},

Figure 2 shows the results of confirming the antimicrobial biofilm activity of indole
derivatives against acne bacteria, Figure 2A shows the results of screening for biofilm
formation of acne bacteria in the presence of 0.1 mM indole derivative, Figures 2B, 2C, and 2D
show the results of growth of acne bacteria by concentration and time in the presence of
indole, 3,3’-diindolylmethane, and indole-3-carbinol, respectively, Figures 2E, 2F, and 2G
show the results of experiments on the degree of biofilm formation and inhibition of acne
bacteria by concentration in the presence of indole, 3,3’-diindolylmethane, and indole-3-

carbinol, respectively, and error bars represent the standard deviation.
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E2=EET0 thist 2= Ao US0 2 S eelet Zotz, & 2AE 0.1 mM2| @l= REMQ &
M otol HEEZ S| WERt HH S A32|det 200|H, = 2B, 2C 3 2D= 242} QIE, 3,3 -LIA S &

Q1=-3-7t2H| =2 ZX Stof| Mol HES o §8E 58, MZEZ LIENH Z00[4, &= 2F, 2F 8l 2G

p=

= 242 &, 3,3-CIASEHE 8l 21=-3-712H|= ZXHoIM HEER S M= dd AL AN HEE =
CEZ AT 200|H, AT = BEEHALES LIEFHALE

(*, P <0.05 vs. untreated control group) Figure 3 shows the results of confirming the inhibition
of biofilm formation by acne bacteria by antibiotics with and without 3,3’-diindolylmethane.
Figures 3A, 3B, and 3C show the results of confirming the degree of biofilm inhibition after
treatment with benzoyl peroxide, gentamycin, and ciprofloxacin, which are commercially
available antibiotics for inhibiting and killing acne bacteria. Figures 3D, 3E, and 3F show the
results of measuring the effect of 3,3’-diindolylmethane on biofilm formation inhibition at
different concentrations at concentrations where the biofilm formation inhibitory ability of
benzoyl peroxide, gentamycin, and ciprofloxacin is between 40-70%, and error bars represent

the standard deviation.

(*, P<0.05CH HIX2| CHEF) = 32 3,3’-C[A S MBI R0 W2 iAol 2ot HEEHS| M=t H

A o

0x

fuiny

ehQIo 22, = 3A,3B W 3CE (=S Al 8 AE N2 ATED Q= of=5Q 2hitst

#HIZ= Y (benzoyl peroxide), ZIELOLO| Al (gentamycin) & A|Z2EE A (ciprofloxacin)g A 2|3t =

0=

=
=

2
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M =& 2telst 20t0|H, = 3D, 3E 5! 3F= DHitetl = AIEFDHO| M Sl A|Z2EE AL Q| 4
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(*, P <0.05 versus untreated control group) Figure 4 shows the results of confirming the
antimicrobial biofilm activity of 3,3’-diindolylmethane against Candida albicans (C. albicans)
and Staphylococcus aureus (S. aureus) under anaerobic and aerobic conditions, Figures 4A
and 4B show the results of confirming the degree of biofilm formation of Candida albicans and
Staphylococcus aureus under aerobic conditions, respectively, and Figures 4C and 4D show
the results measured after culturing Candida albicans and Staphylococcus aureus under

anaerobic conditions, respectively, with error bars representing the standard deviation.

(*,P<0.05CH HIXME| =T = 4= 7] B 2719 =20 M ZHC|Cf ZH|ZEX (C. albicans)t SM T
Y72 (S. aureus)of| it 3,3°-CIQ S MBS SHM=aF 2 S efQlItt 2tz £ 4A 3 & 4B= 242t 2t
CICh 2H|ZE= S M a1 0] D7) ZAUNM =2 Y HEE 2felst 21i0|H, = 4CH 4D= 2

Zf 7|t 2= Sl MR g Aol ol T2 B Y = ZZE 202, A= EEHAE L

(*, P <0.05 versus untreated control group) Figure 5 shows the results confirming the
antimicrobial biofilm effect of 3,3’-diindolylmethane on acne bacteria. Figure 5A shows the

biofilm inhibition of acne bacteria by 3,3’-diindolylmethane (0, 0.02, or 0.05 mM) observed in
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2D and 3D images. Figure 5B shows the results confirmed by confocal laser scanning
microscopy (CLSM). Figure 5C shows the results of analyzing the biomass, thickness, and
biofilm coverage formed on the bottom surface of a plastic plate using the COMSTAT program
based on images observed by confocal laser scanning microscopy. The scale size in Figure 5B

is 100 um.

(*,P<0.05C HIXNZ| i) = 5= HEEF 0| Chet 3,3°-ClA S 0| Ete| e E9 21t = =2felst Zutz,
T 5A= 3,3-CII=E M| (0, 0.02 EE= 0.05 mM)of| et HES 2| =1t XIS 2D2t 3D O[0|X| =2 2

ot 20|, = 5B

rir

S XM 0|XFAr20|E (Confocal laser scanning microscopy, CLSM) 2 &telst

Z10|H, = 5CE

Ol

AFYO|XFArAD| 22 2HE T 0[0|X|E COMSTAT Z2 13 Sof| Z2tAE 2

2i{0| E HiEt HHO|| M El ME9He| &F (biomass), £ (thickness) S =9t &M EH HQ| (coverage)

x
o
X

UEZ, & 5B =54t 27(= 100 um LHEHHLE,

(*, P <0.05 versus untreated control) Fig. 5D is a scanning electron microscope (SEM) image
formed with or without 3,3’-diindolylmethane (0, 0.02, or 0.05 mM), with yellow and white

ruler sizes of 3 um and 750 nm, respectively, and None represents the untreated control.
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(*,P<0.05CH H|NZ2| CH==) &= 5D= 3,3’-C|I=ZMH|EL (0,0.02 &= 0.05 mM) K5 ot A=l A
Xt#40|ZF (Scanning Electrone Microscope, SEM) O|0|X| £, .= 2tM 5l SIM =2 X 37|&= 282F 3 um

2 750 nmE LIEHH 2, None2 XME[E|X| G422 CHEF S LIEHHLY,

Figure 6 shows the results confirming the effect of 3,3’-diindolylmethane on multimicrobial
biofilms. Under anaerobic conditions, Figure 6A shows the biofilm formation inhibitory
activity of 3,3’-diindolylmethane on Acnebacterium acetaminophen and Staphylococcus
aureus, Figure 6B on Acnebacterium acetaminophen and Candida albicans, and Figure 6C on
multimicrobial biofilms of Acnebacterium acetaminophen, Candida albicans, and
Staphylococcus aureus. Figure 6D shows the results of 2D and 3D analysis of three types of
biofilms containing a mixture of Acnebacterium acetaminophen, Candida albicans, and
Staphylococcus aureus cultured in the presence of 3,3’-diindolylmethane. Figure 6E is an
image observed using a confocal laser scanning microscope, and Figure 6F shows the
biomass, thickness, and biofilm coverage of the biofilm formed on the bottom surface of a

plastic plate using the COMSTAT program. As a result of the analysis, the ruler size is 100 um.

£ 3,3 -CI S HEL ZXHSI0M B L E (I =F7, ZHE|Ch 2H|ZHE S ZM I 17 0] A0 A= 352
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(*, P <0.05 versus untreated control group) Figure 6G shows the results of scanning electron
microscope (SEM) analysis of the biofilm formed by three types of bacteria according to the
concentration of 3,3’-diindolylmethane, with yellow and white ruler sizes of 10 and 3 um,

respectively, and None representing the untreated control group.

(*,P<0.05CH HIXE| =) = 6G= 3,3’-CIA = H B 50 HE 35 MZ0| Yot M=t FEE

ZAPEXI30|E (Scanning Electrone Microscope, SEM)Q 2 &tolst A2 L 2HM gl S|M =32 X} 37|

rr

21210 % 3 umE LIERAD, None X2|E|X| 942 ChEZS LIEfHCY,

Figure 7 shows the results of confirming the effects of indole, 3,3’-diindolylmethane and
indole-3-carbinol on the production of extracellular polymeric substances (EPS) in acne
bacteria, and Figures 7A, 7B, and 7C show the results of measuring the production of
extracellular polymeric substances (EPS) in the presence of indole, 3,3’-diindolylmethane, and

indole-3-carbinol, respectively.
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T T2 HEEF9 MEL|27|E (extracellular polymeric substances, EPS) AAto]| CH$t 01=, 3,3’-C]
QI=SZIOE 3 QIE-3-7t2H| =2 BatE &elet ZutZ2 = 7A, 7B 2 7C= 22 QI F, 3,3°-CI I SO Bt

N 2=-3-7t=H|=2 ZH Stof M2l MZEe[af7|E (EPS) ditEds Z& et Znto|Ct.

(*, P<0.05 vs. untreated control) Figure 8 shows the results confirming the inhibitory effect of
3,3’-diindolylmethane on mycelial filamentation and aggregation of Candida albicans, Figure
8A shows the results confirming the inhibition of filamentous mycelial growth in PDB medium,
and Figure 8B shows the results confirming the inhibition of fungal cell aggregation in RPMI-
1640 medium containing 10% bovine serum, where the scale size is 100 um in Figures 8A and

8B, and None represents the untreated control.
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Figure 9 shows the results of confirming the gene expression level of acne bacteria treated
with 3,3’-diindolylmethane. The results were obtained by treating acne bacteria with 3,3’-
diindolylmethane, extracting the total RNA of the acne bacteria, and analyzing it using real-

time reverse transcription PCR (qRT-PCR).
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(* =P <0.05 versus untreated control group) Figure 10 shows the results of the study of the
present invention regarding the effects of indole-3-carbinol and 3,3’-diindolylmethane
derived from cruciferous plants on single and multibacterial biofilms of acne bacteria,

Candida albicans, and Staphylococcus aureus, and the mechanism of action thereof.

(*=P<0.05C H|M2| =) = 102 MXt=tat A=Z0|M Relidh= 21=-3-7t=H| =2t 3,3 -C S| E

tot

O HEE =, ZtC|Ct 2H|

=

=gl

ol ST AR RO B 9l Tk MSTt0f 0K/ HET 1&g 71HS

0

LBt = 2| 5 ZntE LA Z0|Ct.
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[0014]

[The present invention will be described in more detail below.]
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[0016]

[The inventors of the present invention have completed the present invention to prevent or
improve diseases caused by Gram-positive bacteria and fungi by confirming that 3,3’-

diindolylmethane (DIM) or indole-3-carbinol, which are indole derivatives, exhibit an effect of
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inhibiting the formation of biofilms of Gram-positive bacteria such as acne bacteria,
Staphylococcus aureus, and Candida albicans, which are causes of dermatitis and skin

troubles.]

[0018]

[The present invention may provide a composition for inhibiting biofilm formation against

one or more species selected from the group consisting of Gram-positive bacteria and fungi,
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containing one or more active ingredients selected from 3,3’-diindolylmethane (DIM) and

indole-3-carbinol.]

[2 2H2 3)3-CIQISZME (3,3’-diindolylmethane, DIM) & 21 =-3-7}2H|= (indole-3-carbinol) 2

15 ol dof chet H=9t 9 d Mg =d=S S = Ut
]

]

[0019]

[The above Gram-positive bacteria may be selected from the group consisting of
Cutibacterium acnes (C. acnes) KCCM 41747 (ATCC 6919) and Staphylococcus strains, and
more specifically, the above Staphylococcus strains may be methicillin-susceptible and

methicillin-resistant Staphylococcus strains, but are not limited thereto.
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[0020]

[The above fungus may be Candida albicans, and more specifically, the above Candida
albicans may be fluconazole-resistant Candida albicans DAY185 fungus, but is not limited

thereto.
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[0021]

[The above indole-3-carbinol may inhibit biofilm formation without cell death.

[&7] Q1=-3-7t2H|=2 M Z AFE 210] Y= HH S AXot= AL &= UL
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[0022]

[The above 3,3’-diindolylmethane may inhibit multi-species biofilm formation in which
Cutibacterium acnes (C. acnes), Candida albicans (C. albicans) and Staphylococcus aureus (S.

aureus) form a biofilm together.

[Ab7] 3,3’-CIQl S 2 |E2 FE|EHE|2| & OFFH|A (Cutibacterium acnes, C. acnes), ZIC|CH ZH|ZEA

A

M

o 7-I

A

o
o2

M}

Sots OH5 5 42

ot
o

A x5t

rir

(C. albicans) W M= M71H(S. aureus)0| B M =9t

rir
0

U % gtk
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[0024]

[The present invention may provide an antimicrobial composition for one or more selected
from the group consisting of Gram-positive bacteria and fungi containing 3,3’-

diindolylmethane (DIM) as an active ingredient.]

[0025]
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[The above 3,3’-diindolylmethane can help kill one or more bacteria selected from the group
consisting of the Gram-positive bacterium Cutibacterium acnes (C. acnes), methicillin-

susceptible and resistant Staphylococcus aureus strains, and fluconazole-resistant Candida

albicans.

[47] 3,3’-CIQI S 0|2 O2hkd @ RE|8H|2[Z Of 3 H|A (Cutibacterium acnes, C. acnes), H| X[ A

Aol LN ST ALH (Staphylococcus strains) S E2FLEE LA ZHC|CH 2HH|ZEX

A
ELI:I_I_

\J

(Candida albicans)Z O| RO0{Zl ZOf| Al MEHE|= StLt O|AQ| # 2 AIBAIF|E =32 & & QUL

[0026]

[In addition, the above 3,3’-diindolylmethane (DIM) may be provided as an adjuvant for
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enhancing the antibacterial effect of an antibiotic or antimicrobial agent against one or more

selected from the group consisting of Gram-positive bacteria and fungi.

[EEoh A7| 3,3°-CIQ =2 MIE (3,3’-diindolylmethane, DIM)E2 REHECE &Rst= JAHER & T

O = O| RO T Zof| A MEHEl 15 O] &of CHet e lix| EE= bt H|Q| &

i o

i
tot
_'|'.__|
ol
>
00
HT
[
é
HU
=
ok
o
1

[0027]

[The above adjuvant may be used in combination with an antibiotic or antimicrobial agent to
enhance the antimicrobial effect of the antibiotic or antimicrobial agent, and the antibiotic
may be selected from the group consisting of gentamycin and ciprofloxacin, but is not limited

thereto.
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(A7 BExN= A E= SNt HE H2[ot0] A Es A e & 0 E SAAT = AL &
Ao, AY| sHlix| = ZIELDIO| Al (Gentamycin) & A|IZZEE AR (Ciprofloxacin) 22 0|20 El 20
M MEHE|= Y &~ JOLE, O]of SHE &= 22 OfLICE,

]

]

[0029]

[In addition, the present invention may provide a cosmetic composition for preventing or
improving dermatitis or skin troubles caused by one or more selected from the group
consisting of Gram-positive bacteria and fungi, containing one or more active ingredients

selected from 3,3’-diindolylmethane (DIM) and indole-3-carbinol.
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|=-3-7}2H|= (indole-3-

m]
2 2l

IH|Et (3,3’-diindolylmethane, DIM)

=2
=

3-Clols

carbinol)2 2E

il

J

M0

[0030]

[The above dermatitis or skin trouble may be caused by Cutibacterium acnes, Staphylococcus

strains, Candida albicans, or their biofilms.

FE|EHEH|2| S oF3U|A (Cutibacterium acnes), M AL

k=2
[

(Staphylococcus strains), ZFC|CE @H|ZEE (Candida albicans) 2= 0| S2
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[0031]

[The above dermatitis disease may be selected from the group consisting of comedonal acne,
papular acne, pustular acne, nodular acne, cystic acne, acne vulgaris, fulminant acne, nodular
acne, keloid acne, psoriasis, atopic dermatitis, seborrheic dermatitis, contact dermatitis,
nummular dermatitis, staphylococcal burn skin syndrome, folliculitis, impetigo, abscess,
cellulitis, toxic epidermal necrolysis, epidermal peeling syndrome, candidiasis, candidal

onychomycosis, and general dermatitis.
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(A7) [Se W HEN 0{S2, 12N S, SEN 0SS, 2N 0SS, HEN 0SS, Y

STK GIEE, AR0[EY 0EE, UNB, OLETY T2, 2N I8, B

)

[0033]

[The above cosmetic composition may include, in addition to the active ingredients 3,3’-
diindolylmethane (DIM) and indole-3-carbinol, conventional auxiliary agents such as

stabilizers, solubilizers, vitamins, pigments, and fragrances, and a carrier.
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(indole-3-carbinol) 2|0l ¢t E2tA|, E8=2bA|, HIEIR, otz Sl SFeet 22 S4Xel HAN|, O2[1 B

[0034]

[The above cosmetic composition may be prepared in any formulation commonly
manufactured in the art, for example, as a solution, suspension, emulsion, paste, gel, cream,
lotion, powder, oil, powder foundation, emulsion foundation, wax foundation, and spray, but

is not limited thereto.
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[&7] otdE ZE=2 SEANM SHH2Z MZE= oot HAL2: MZE & A2H, HE S0, &8

o, BIEtY QEN WO|AE, W, T2, 2N, I, 2, 22 TH20|0|M, RE TH2T|0|M, ¢A T2

b

Hio]d 8 2Z30] S22 Mt 4 AL, 0fof| eHEE[= 22 OtLCt.

More specifically, it can be manufactured in the form of sun cream, softening lotion,
astringent lotion, nourishing lotion, nourishing cream, massage cream, essence, eye cream,

pack, spray, or powder.

, 7 Sty o Sy, S 2ty e, IS 3, O] 38, o2, of0] 2

[0035]

04-09-2026 - Page 38



[In the case where the above formulation is a paste, cream, or gel, animal oil, vegetable oil,
wax, paraffin, starch, tracanth, cellulose derivative, polyethylene glycol, silicone, bentonite,

silica, talc, or zinc oxide may be used as a carrier component.

[&7] MO HO|AE, IE E= AR HR0= HM 4222 S=24R, 424k, 24, o2, J&, E

2ZtE, MERQA QEX|, B2|0|2a 22IB,42/2, YIELIO|E, 2|7t Y3 Fi Mol 50/ 0/8
= 4 ik,

]

]

[0036]

[In the case where the above formulation is a powder or a spray, lactose, talc, silica,

aluminum hydroxide, calcium silicate, or polyamide powder may be used as a carrier
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component, and in particular in the case of a spray, it may additionally include a propellant

such as chlorofluorohydrocarbon, propane/butane, or dimethyl ether.

A2030[Q] 0= BN dELEM BEA B3, M7t ER0|E 9

rr

[&7] Mdo| ot =

E,Z= &|AH[0|E = E2|0t0| = TR 7 O|8E &= /U4,

2E2QR|CRIHE, DRE/RE EE Lt Y ofE|29t 22 &7

[0037]

[When the above formulation is a solution or emulsion, a solvent, a solubilizing agent, or an
emulsifying agent is used as a carrier component, such as water, ethanol, isopropanol, ethyl
carbonate, ethyl acetate, benzyl alcohol, benzyl benzoate, propylene glycol, 1,3-butyl glycol

oil, glycerol aliphatic ester, polyethylene glycol, or fatty acid ester of sorbitan.]
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[&7] MEo| 8 = REIMHQI A0l = BN 4222 M 80, 83l 3tA| EE= REMHA| 7 0|81, oA

i =, &S, O| 2T 2 2=, O’ FHEH|O[E, Of| 2 OfMIEO|E, HIE LA =, HIZ HIZHO|E, T2 LA =

Y
I
\.H
w
i
um
my
"
MR

2, 22IME XY o AHIZ, 2|0 22|B Ei AZH|EHO| XS4 o A8 2

[0038]

[In the case where the above formulation is a suspension, liquid diluents such as water,
ethanol, or propylene glycol, ethoxylated isostearyl alcohol, polyoxyethylene sorbitol ester,
and polyoxyethylene sorbitan ester, microcrystalline cellulose, aluminum metahydroxide,

bentonite, agar, or tracanthenic acid may be used as carrier components.]
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[&7] O] sElMQl HR0l= BH d222M =, 0lEt2 E= 22 E Al &9l S| A, o

4ot O|2AH|OFE EEE, ECIS AU EH 2 2H|Z | AHZ 8l SIS A0S 2= H|EF O AH 22}

— —

[0040]

[Hereafter, to aid in understanding the present invention, it will be described in detail with

reference to examples.]

M
=

[O5F

M
13
02
10
o
2t
[
I
N
o
ot
2
>
Rl
=2
(i
mun
2
0%
=
ot
-
02

St7| 2 SiLC},
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However, the following examples are merely illustrative of the content of the present

invention, and the scope of the present invention is not limited to the following examples.

n
e
Ot
N
10
n=
=
2
rr
rhT
nE
(oL
10
=
00
mjo
2
=
Ot
rr
N
ne
M
M
14
o
10
0E

|7k 5k7] AAof|of] St E|= 22 of

—o

The embodiments of the present invention are provided to more fully explain the invention to

those with average knowledge in the art.

M

1 ESH7| 2ol ®MSE
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[0042]

[<Experimental Example>]

[<&E>]

[0043]

[The following experimental examples are intended to provide experimental examples that

are commonly applied to each embodiment according to the present invention.]

[5to]o] A0S 2 2 AHO| IE ZZe| ZA0of SEHLZE MEE[= ™M E MSst7| IS A0|Ct.
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[0045]

[U[attributes={}; value=[1.

[U[attributes={}; value=[1.

Strains, Compounds, and Culture Conditions

[0046]
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[For acne bacteria, Cutibacterium acnes strain KCCM 41747 (ATCC 6919) Gram-positive
bacteria (isolated from human facial acne) was used, for Staphylococcus aureus, a methicillin-

susceptible Staphylococcus aureus strain was used, and for Candida albicans, a fluconazole-

resistant Candida albicans strain DAY 185 was used.

OEEFOZ = FE|EH|Z| ot3u|A (Cutibacterium acnes) @ KCCM 41747 (ATCC 6919) 12keF
M MRS

o T

—

i (isolated from human facial acne), eMEIC MR O Z = HE|AE] ZM

(Staphylococcus aureus), ZIC|CH ZH|ZIA 2= T2 FLEE Ld(fluconazole-resistance) ZHC|CF & H|

7t= (Candida albicans) =3 DAY 185& 0| &3} %iL}.

For the culture of acne strains, a solid medium with agar added to Reinforced Clostridium

Media (RCM) and a liquid medium without agar were used, and experiments were conducted

at 37°C under anaerobic conditions.

St 0| HiX| =%

O{EE #F S 2Ist BHX|Z Reinforced Clostridium Media (RCM)0f| agarE H7t3
N A S AL

o

AK| BHX|E AHESHR 2 37°C, & 7|d =0
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For anaerobic conditions, BD GasPak™ EZ Gas Generating Anaerobic Pouch Systems (Fisher

Scientific, Pittsburgh, USA) pouches were used.

#7148 =712 2Isi M BD GasPak™ EZ Gas Generating Anaerobic Pouch Systems (Fisher

Scientific, Pittsburgh, USA) It X| £ 0| 23},

Staphylococcus aureus strains were cultured in LB (Lysogeny broth) medium at 37°C, and

Candida albicans strains were cultured in PDB (potato dextrose broth) medium at 37°C.

SN MR 73 37°CO| LB(Lysogeny broth) HHX|Of| A B SR 1, ZHT|C 2 H|ZER 73 37°C

9| PDB(potato dextrose broth) Hi X|Of| A] Hj QFSHRICE,
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[0047]

[A total of 20 indoles are 7-azaindole, 7-benzyloxyindole, 3,3-diindolylmethane (DIM), 7-
formylindole, 7-hydroxyindole, indole, indole-3-acetamide, indole-3-acetic acid, indole-3-
acetonitrile, indole-3-butyric acid, indole-3-carbinol, indole-3-carboxyaldehyde, indole-7-
carboxylic acid, indole-3-propionic acid, isatin, 7-methoxyindole, 7-methylindole, methyl
indole-7-carboxylate, 7-nitroindole and 2-oxindole were purchased from Sigma Aldrich (St.

Louis, MO, USA), Wako Chemicals Inc.

[HA| 207H2] Q1=2 7-azaindole, 7-benzyloxyindole, 3,3-diindolylmethane (DIM), 7-
formylindole, 7-hydroxyindole, indole, indole-3-acetamide, indole-3-acetic acid, indole-3-
acetonitrile, indole-3-butyric acid, indole-3-carbinol, indole-3-carboxyaldehyde, indole-7-
carboxylic acid, indole-3-propionic acid, isatin, 7-methoxyindole, 7-methylindole, methyl
indole-7-carboxylate, 7-nitroindole %! 2-oxindole2 Sigma Aldrich(St. Louis, MO, USA), Wako

Chemicals Inc.

(Richmond, VA, USA) or Combi-Blocks, Inc.
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(Richmond, VA, USA) EE= Combi-Blocks, Inc.

| purchased and used it in San Diego, CA, USA.

(San Diego, CA, USA)X|A| 15t AL SHRILE.

[0048]

Dimethyl sulfoxide (DMSO) was used as the solvent to dissolve all indole derivatives, and

DMSO (0.1% v/v) was used as the negative control.
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[2E 2= REHSS Edistr| /Iet S0 2 C|HEHEZAL0| = (DMSO)E AHESIR 2, DMSO (0.1% v

0.1% The DMSO below did not show any effect on bacterial growth or biofilm formation.

0.1% O|5t2] DMSO+= BIE|2|0F dF = U =0} Y Joi| ko] LIEtLX] SS%AT

[0050]

[U[attributes={}; value=[2.

[U[attributes={}; value=[2.
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Measurement of plankton cell growth and verification of minimum inhibitory concentration

(MIC)

ZYIE NE M 5 L ALLFARSZ(MIC) 2]

[0051]

[To confirm the effect of indole on the plankton growth of acne bacteria, cell culture medium
cultured in a 96-well plate for 6 days was diluted 1:50 in fresh RCM medium and re-inoculated,

and each concentration of indole derivatives was treated.

HESHO

ﬂllﬂ

23 E MEH|| 910

o o AN

x

Ql=9| s =tolsty| 2l 96-& /0] E(96-well plate)dl| 6

—

fujo

ZHBHRFE! MZZHH AU S 1:502 2 Lot RCM BHX| 0] 5| A5t MBSt 22t sk2| o= REMS

X 2|StRALt.
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The plates were cultured at 37°C under anaerobic conditions, and an anaerobic state was

maintained using an anaerobic pouch.

SZ0IEE 37°C, 7|8 == H{YSIAU T, H7|d IR K|E 0|83t H7| HEE RAIAIZLL.

After 96 hours of culture, cell turbidity was checked at 600 nm using a spectrophotometer

(Optizen 2120UV spectrophotometer).

22 = 7| (Optizen 2120UV spectrophotometer)E 0| 823t0] 600 nmoj|A| M| X SEIE

[0053]
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[U[attributes={}; value=[3.

[U[attributes={}; value=[3.

Biofilm Formation Inhibition Analysis

[0054]

[Crystal violet analysis was performed to quantify biofilm formation.

[32| A8 HIO|Z2 242 285t H=9 Qg2 YESIALL

04-09-2026 - Page 53



Briefly, acne bacteria cultured for 96 hours were diluted 1:50 in sterile RCM medium and

cultured for 6 days at 37°C under anaerobic conditions with or without indole.

2H2F5HA|, 96 A| ZH HHQFEl {EEF S H R El RCM X2 1:502 2 3| M8t11, Q1E0| EXYSIHLE ZR| K|

O
\I

ot= ZZAOR 37°C, #I|M =2

I'
of
=2
x
o
ne
Ol
e
=y
==
02
of
o)
n

[0055]

[To quantify the biofilm, the plates were washed three times with distilled water to discard
the plankton cells, and only the biofilm cells attached to the wells were stained with 0.1%

crystal violet for 20 minutes.
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L=
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o
rlo
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0| E

mujn
Ol

FrE N

rE

Al

12

ot 22 3= MEE W75t dof| £4

rm
0x
MHo
=
>
H
ra

(et

20.19% J2| AL HIO| 22O 2 2027t HMBIFILH,

Afterwards, the plate was washed three times with sterile distilled water, and crystal violet
was extracted using 95% ethanol. The absorbance was measured at 570 nm using a

spectrophotometer (Multiskan EX microplate reader (Thermo Fisher Scientific, Waltham, MA)).

E0|EE B Z7 2 39| MADSIL2 95% Of|Et=S 0|8510 F2| AR HIO|S2HE FE5I0 21t

The result was presented as the average value of at least 12 repeated wells.

A4 12709] gt Wo| HAGOR HE LIEHHRIC

04-09-2026 - Page 55



[0056]

[The percentage of inhibition rate represents relative biofilm formation (100 x biofilm

formation with chemical/biofilm formation of untreated control).

(Mo HES2 MiHol MEat A M2 LIEFHCT (100 x biofilm formation with chemical/biofilm

formation of untreated control).

In addition, the antibacterial and biofilm efficacy of benxoyl peroxide, gentamycin,
ciprofloxacin, and 3,3-diindolylmethane, which are antibiotics well known as acne

treatments, were compared.

ot =2 K| 2 X2 & 22Tl SHF|Q! benxoyl peroxide, gentamycin, ciprofloxacinzt 3,3-

diindolylmethane?| &+ %! M= 252 H|WSIFLL.
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[0058]

[U[attributes={}; value=[4.

[U[attributes={}; value=[4.

Analysis of Multi-species Biofilm Formation by Acne Bacteria, Staphylococcus aureus, and

Candida albicans

[0059]
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[To generate biofilms of Acne Bacteria, Staphylococcus aureus, and Candida albicans, Acne
Bacteria (59 & 4 X 10, Suplattributes={}; value=[7]], CFU), Staphylococcus aureus cells (59 *
4 X 10, Suplattributes={}; value=[7]], CFU), and Candida albicans cells (23 £ 3 X 10, Sup
[attributes={}; value=[5]], CFU) were simultaneously inoculated and cultured in mixed RCM/LB

/PDB medium (1:1:1).

[HEED, S A S ZHC|CH YH[ZHXS| CHE M E0HE MMEHY| /s, HEET (59 = 4 X 10,
Suplattributes={}; value=[7]], CFU), ZME = M7 F M|E (59 £ 4 X 10, Sup[attributes={}; value=
[7]], CFU), ZICICH ZH|ZEX M (23 £ 3 X 10, Sup[attributes={}; value=[5]], CFU)E =%} RCM/LB

/PDB BHX| (1:1:1)0f] S Al0i| T E5t1 B FSHALE.

Biofilm formation was analyzed under anaerobic conditions at 37°C for 6 days using an

anaerobic pouch.

of

H7|d XS ALESHH 37°COl|lM 62 St 7|4 Z715t0f| M HIO| B & H-d S EA{5IRCt.

O
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To form two types of biofilms, Acne bacteria and Staphylococcus aureus or Acne bacteria and
Candida albicans were inoculated into RCM/LB (1:1) or RCM/PDB (1:1) medium in 96-well

plates and cultured at 37°C for 6 days under anaerobic conditions.

A

EQUEDIL TS

ot
o

floll, HEEZ Ot MR M7 L= 6 EEF 0 2| 2H|ZEE S 96-2 S2{|0|EQ

0

RCM/LB (1:1) 52= RCM/PDB HHX| (1:1)0f] &35t &d7]d A0l M 37°Cof|l A 62 S HH LSHCL.

[0061]
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[U[attributes={}; value=[5.

[U[attributes={}; value=[5.

Live imaging microscopy, confocal laser scanning microscopy (CLSM), and scanning electron

microscopy (SEM) observations

MAIZE G A FH0|Z (live imaging microscopy), XM 20| X FAF0|E (CLSM) & FAPHXIAO|A

[0062]

[To quantify the biofilm of Acne Bacteria or the mixed biofilm of Acne Bacteria
/Staphylococcus aureus/Candida albicans in the presence or absence of 3,3-
diindolylmethane, anaerobic pouches were used and cultured under anaerobic conditions at

37°C for 6 days.
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[3,3-diindolylmethanel| & K 20| [[IE HEEHS| H=9 £

rir

HESo/dME a7 /7o &

HIZt=o| =8t =92 FEetstv| 2lsl, &7|d ThRX|IE AHEot0] &l7|d =2 5Hoi| M 37°Co[A 6% S¢t

Afterwards, plankton cells were removed by washing three times with PBS, and the biofilm
was observed in real time at various magnifications using an optical microscope iRiS, Sup

[attributes={}; value=[TM]], Digital Cell Imaging System.

12, PBSZ 339 M5 E23E MEE MAHSL 20| F iRiS, Sup[attributes={}; value=[TM]],

Digital Cell Imaging SystemE At&5104 CiFet B Z0l| A AA|ZH HETHS 2QlsRILE.

The biofilm images were reconstructed into 2D and 3D figures using ImageJ.

A=9} 0|0 X|= ImageJE ArESH0] 2D 3 3D &2 = M EALL

04-09-2026 - Page 61



[0063]

[Acne bacteria biofilms or mixed acne bacteria/Staphylococcus aureus or acne bacteria
/Staphylococcus aureus/Candida albicans biofilms were cultured for 6 days in 96-well
polystyrene plates with 3,3-diindolylmethane added at various concentrations under

anaerobic conditions without stirring.

(ESR W20 T 23 ESH/FUTENTF T HESH/IMTEYPR/ZHCICH LH|ZH

|
1o

0x

Mo
2
rlo
(e))
ne
Ofn
rQ
ngt
N
0%
P2
e
=2
>
El
r
3%
o
O
Ch
ru*=°
1]

2| AE|#H 20| E0f|M 3,3-diindolylmethaneE 5%

Afterwards, the plankton cells were washed three times with water and discarded, and

stained with carboxyfluorescein diacetate succinimidyl ester.

a

ot
MK

F3E MEE =2 32| MG HE| It A EF 22|14 CHO|OFMH|[O| E M 410]0]F o A

H

(carboxyfluorescein diacetate succinimidyl ester) 2 St LCE,
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Biofilm cells on the plate were visualized using a 488 nm Ar laser (emission wavelength 500-

550 nm) with a confocal laser scanning microscope (Nikon Eclipse Ti, Tokyo, Japan).

Z20|E 22 M= ME= SEH 2l|0|X FAei0|HE(Confocal Laser Scanning Microscope, Nikon

Eclipse Ti, Tokyo, Japan)2 A23t0{ 488 nm Ar 20| X (&+Z D& 500~550 nm) 2 A|ZSH3HCY

COMSTAT software was used to determine biofilm volume (um, Sup[attributes={}; value=[3]],

/um, Sup[attributes={}; value=[2]], ), average biofilm thickness (uM), and substrate range (%).

COMSTAT AZEQ|o{= MZ9 21| (um, Suplattributes={}; value=[3]], /um, Sup[attributes={};

value=[2]], ), W& M35 FH (uM) 2 7|E H| (%)E ZESt=0 A E UL

For each experimental sample, two independent bacterial cultures were used, and more than

10 random points were analyzed.

2f2fo| Al M E0f thiol 2712] S QI i M=S A5t 1071 o] &of F22| XS SAUCL.

= -
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[0064]

Various types of biofilms on nylon membranes were observed using a scanning electron

microscope (SEM).

FAL XL H0|E (SEM)QE LI E HEzlof| Aol CHE MEZatS 2HASIILCE,

o

Briefly, single or mixed species were treated in a 96-well plate with or without 3,3-

diindolylmethane, and a nylon membrane (0.4 x 0.4 mm square) was added to each well.

(o)
—

2HEkstA|, T = S% 52 96-Y £2)|0|E0| 3,3-diindolylmethaneO| ZxHstAHLE ZXH35HX|

o

O=Z X2|5tu, ZF dof| LIYE HE22/(0.4 x 0.4 mm FAtzrd) S HIHSHAL.
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[0065]

[ A biofilm was grown on a nylon membrane by co-culturing for 6 days without stirring under

anaerobic conditions at 37°C.

[37°C, 7|8 =510l M ik glo] 62 St et7H B st LI 2 "Bz el 9ol M=0fs 43

Afterwards, biofilm cells attached to a nylon membrane were fixed with 2.5% glutaraldehyde

and 2% formaldehyde for 20 hours, sequentially fixed with osmium tetroxide, dehydrated

with an ethanol series (50, 70, 80, 90, 95, and 100%) for 30 minutes each, and with isoamyl

acetate for 20 hours.
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|Et= Al2]|=(50, 70, 80, 90, 95 & 100%) =

2t2} 302, OtM|E AL 0] 201 (isoamyl acetate)2 0| 88H0] 20A|ZH Ef4=A| AL,

[0066]

[After critical point drying, cells on a filter were coated with palladium/gold, and the cells
were observed and imaged using a voltage of 15 kV under an S-4800 scanning electron

microscope (Hitachi, Tokyo, Japan).
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[2AN AT 7, ZEAM NZE Tatr| /222 EsH, S-4800 scanning electron microscope

(Hitachi, Tokyo, Japan)3toiiA 15 kve| TS 0|50 M| E S 2t& St 0| 0| X| =5 Lt.

[0068]

[U[attributes={}; value=[6.

[U[attributes={}; value=[6.

Analysis of Extracellular Polymeric Substance (EPS) Production

NZ2|7| = M (extracellular polymeric substance, EPS) £4]]]
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[0069]

[To quantify EPS, 50 ml of control and indole-treated acne bacteria were cultured at 37°C for

6 days.

[EPS HEs 2l3ll, 50 mle CHZ 3 @I=0] M2|&l EER S 37°CollA 62 St B LSHRILE.

After incubation, the culture was centrifuged at 8,228 X g for 10 minutes, and the supernatant

was separated.

fujo
HI
o
Ot
%%
n

HiQF = HHAZ S 8,228 X g 2 1027t } el 22[ot A5 H
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[0070]

The culture supernatant was removed by washing the precipitated cells with sterile PBS.

[ATMZEE B El PBSZ MASHO] B &5 HE H|HSHALE.

50 ml of isotonic buffer (10 mM Tris/HCl, pH 8.0, 10 mM EDTA, 2.5% NaCl) was added to the

cell pellet, and the mixed bacteria were left overnight at 4°C.

S 4= (10 mM Tris/HCL, pH 8.0, 10 mM EDTA, 2.5% NaCl) 50 mIE M| Z Zzloj| Htstn, =%

ot Ml = 4°COll M SR S2F YKXISHRALE.

Afterwards, the cell suspension was mixed for 5 minutes and centrifuged at 8,228 X g for 10

minutes.
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O|=, M|Z BHEIHS 527 9145t 8,228 X g0l M 1027 M & E22[SHRALL.

The supernatant containing EPS that was bound to the cells was separated from the cells.

MZEOf| ZREEI AH EPSIE Z8tEl &EHS MEZRE 22[0tRUCt

Cold ethanol was added to the supernatant in a ratio of 1:3 and left to stand overnight at -20°

C.

Xp7t2 =SS 132 HIE R 7] dEHo| FItst -20°Col|l M ot S FXIAIZALL.

After collecting the EPS precipitated by centrifuging at 18,514 X g for 30 minutes at 4°C, the

precipitate was washed with 70% ethanol, dried, and weighed.
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°COllM 18,514 X g = 3027t M =Z 2|5t E T E EPSE &t

{ot

, HTES 70% OE=S 2 MH St

EN |

i
At

HotAct

The percentage of EPS production inhibition by indole was calculated by expressing the

weight of the treated EPS as a percentage of the weight of the control group.

21=0] oSt EPS e AN WEE2 ME[E EPS SHE X SE2 HESZ HHSI0] A LSHRICE.

[0072]

[U[attributes={}; value=[T.
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[U[attributes={}; value=[T.

Analysis of Hyphal Formation and Cell Aggregation for Candida albicans

ZHC|CH QU ZER0] Chat FAL S U ME ST 2M]]]

[0073]

A real-time video microscope system was used to observe the growth of the filamentous body

and hyphae formation.

[Ar A2 SF 0t DAL Hd S 2ESH| ol], HAIZE S ol0| 3 A|A-S ALESIALY

Briefly, Candida albicans cells were diluted 1:50 in 1 ml of PDB medium containing various
concentrations of indole, indole-3-carbinol, or 3,3-diindolylmethane, revoculated, and then

cultured at 37°C for 24 hours without stirring.
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Al, ZtC|CH 2H|ZEE M| EE ChYS & 22| 91F, indole-3-carbinol &£ & 3,3-diindolylmethane2

2h73t= 1 mle| PDB HHX|0f| 1:502 2 5|45} Xi

gl

Eot =, Wik 810 37°COlA 24A12F SF B FSHRALE.

Afterwards, cells were visualized using the iRiS, Sup[attributes={}; value=[TM]], Digital Cell

Imaging System according to the manufacturer's instructions.

3=, MZ=Ne] HHo w2t iRiS, Sup[attributes={}; value=[TM]], Digital Cell Imaging System=2

AL NS A|ZS}StRALE

At least four cultures were used, and for cell aggregation analysis, Candida albicans cultures
incubated overnight in 1 ml of mycelial-promoting medium (RPMI-1640, GE Healthcare Bio-

Sciences, Pittsburgh, PA) supplemented with 10% bovine serum were diluted 1:50.

ol X|A%H47H| HHLFEO| AFBEIUCH, M E ST 2MS 2ol ZHCICH YH|ZHE = 10% A X0l EF
2l 1 mle| ZAF =7 HHX| (RPMI-1640, GE Healthcare Bio-Sciences, Pittsburgh, PA)0i| 2 A BHQEFSH bl

Y= 1:502 2 3| MSIRULE,
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[0074]

[For cell aggregation evaluation, Candida albicans cells were inoculated into a 1.7 ml tube
containing 1 ml of mycelial-promoting medium (RPMI-1640, GE Healthcare Bio-Sciences,
Pittsburgh, PA) supplemented with 10% bovine serum (GE Healthcare Bio-Sciences) for 20

hours, diluted 1:50, and cultured at 37°C for 24 hours without stirring.

[ME SX WIS Q6ff ZIC|CE LH|ZEX MEE 1.7 ml FE20i 10% £ A (GE Healthcare Bio-
Sciences)0| EEEl 1 mle| #AL £ZI HYX| (RPMI-1640, GE Healthcare Bio-Sciences, Pittsburgh,

PA)Oll 20A| ZF B FSHC] 1:502 2 3| Af5H0] T E Sl 37°CH| A 24A[2E St wEFSHR| @2 B FSHALY.

After culture, cells were visualized at 4 X and 10X magpnifications using iRiS, Sup[attributes=

{}; value=[TM]], Digital Cell Imaging, and at least 5 independent experiments were performed.
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HIQF =, MZEE= 4 X 3 10X HZ0|A iRiS, Sup|attributes={}; value=[TM]], Digital Cell Imaging= At

=2
S

OF

PO AlZbete| i, X4 5O SEIFQl 0] - E|UCt.

[0076]

[U[attributes={}; value=[8.

[U[attributes={}; value=[8.

Quantitative Real-Time Reverse Transcription PCR (qRT-PCR) for Gene Expression Studies

R A E 2o S A2 ST ALPCR (qRT-PCR)]]]
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[0077]

[For gene expression analysis, 15 ml of acne bacteria with an initial turbidity of 0.05 at OD600
(23 £ 3 X 10, Suplattributes={}; value=[5]], CFU) was inoculated into a 15 ml tube of RCM

liquid medium and cultured for 3 days at 37°C without stirring under anaerobic conditions.

[REX YA 2MZ /s OD600 (23 £ 3 X 10, Suplattributes={}; value=[5]], CFU)MIA x| Et=7}

0.052 HEE# 15 mIE 15 ml FE2| RCM A BiX|0f| EEst1n H7 |4 =0l A gt glo] 37°Cof|l A 3

After culture, the cells were cultured for an additional 24 hours at 37°C without stirring under

conditions with or without 3,3-diindolylmethane (0.1 mM).

HHQF =, M|IZE W Q10| 37°CHIA 37} 24A|2F ¢t 3,3-diindolylmethane (0.1mM) Q| Ex{st7LE =
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To prevent RNA degradation, RNAlater (RNase inhibitor, Ambion, TX, USA) was used before

harvesting the cells.

RNA 23l E gtX|5t7| 2[sH RNAlater (RNase inhibitor, Ambion, TX, USA)E MEE £=25t7| Fof| At

Total RNA was extracted and washed using the Qiagen RNeasy mini Kit (Valencia, CA, USA).

Qiagen RNeasy mini Kit (Valencia, CA, USA)E At&3t0] K| RNAS FZ35t11 M| ASALCE,

[0078]
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[gRT-PCR was used to determine the expression of biofilm and toxicity-related genes, namely

PPA1761, PPA1796, PPA2105, PPA380, hly, PPA0149, btuR, cbil, roxP, tly, and PPA0349. 16S

rRNA expression was not affected by 3,3-diindolylmethane.]

[qRT-PCRS AIR310{ MEB0t 9l =M 22 PPA1761, PPA1796, PPA2105, PPA380, hly,

PPA0149, btuR, cbil, roxP, tly %! PPA03492| &3S ZHSIFIL. 165 rRNAS]

U2 3,3-

-

diindolylmethaneoi| 2|si Fat2 BEX| QEQALE,

=2
o=

It was performed using SYBR Green Master Mix (Applied Biosystems, Foster City, CA, USA) and

the ABI StepOne Real-Time PCR System (Applied Biosystems).

SYBR Green OtAE 2lA (Applied Biosystems, Foster City, CA, USA)2t ABI StepOne Real-Time

PCR System (Applied Biosystems)2 A235t0{ | ALE,

At least two independent cultures and four PCR reactions were used.

2 Xl H{FE 3! 4712| PCR 2H30| AHE|RUCE.
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[0080]

[U[attributes={}; value=[9.

[U[attributes={}; value=[9.

Statistical Analysis

A4 =M1
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[0081]

[The number of copies for each experiment is provided for each method, and results are

expressed as mean = standard deviation.

[Z 2Eofl et SH| = 2 G- MSEH, 2its B + BFE HAZ EAE[AUCH

After one-way ANOVA, Dunnett's test using an SPSS version was performed for statistical

analysis.
U 2N 2N 2 SPSSHHME AFESH Dunnettl] Y S S 2M S o +HSIAILE

A P value of <0.05 was considered significant.

In the figure, the * indicates a significant change between the treated and untreated samples.
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oM *EE= M|z HE D M| =X g2 HE 2to| 4t HalS LIEHTY,

[0083]

[Blattributes={}; value=[<Example 1> Confirmation of antibacterial and biofilm activity of

indole against acne bacteria]]]

[B[attributes={}; value=[<&A|0]| 1> HEEZ0| Ci3t 2l=2| T A 3 2 Fak 2t =Hol]]]

[0084]
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[To evaluate the antimicrobial biofilm properties against acne bacteria, 20 indoles at a

concentration of 0.1 mM were screened in a 96-well plate as shown in Fig. 1.

[HESZ0l gt 2= 543 HWISHI] 2181 0.1 mM 52| 20712 Q1SS 96-& Z&0|E0]| & 12t

[0085]

[As a result, among the indole derivatives tested as shown in Figure 2A, 7-azaindole, 7-

benzyloxyindole, 3,3’-diindolylmethane (DIM), and indole-3-carbinol at a concentration of 0.1
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mM significantly inhibited biofilm formation by acne bacteria, whereas indole and other

indole derivatives were less effective.

[3 A3, & 2A2L 20| HIAES QlE REHIE SO0IAM 0.1 mM &X2| 7-azaindole, 7-benzyloxyindole,
3,3’-diindolylmethane (DIM) % indole-3-carbinol2 HEES 0| 2|3t MEat WM S Ro|5HH| 2|5t

dhH, Q1= Sl 7|EF 212 B 220 Ut

[0086]

[The antimicrobial concentrations of 20 indole analogs against acne bacteria were

investigated using minimum inhibitory concentration (MIC) analysis.
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(22 EEXM s (MIC) 2ME AE5I0 EEZ0l| theh 20712 QIERAMSS| & S5 ZASHRALY.

As aresult, as shown in Figure 1, the MIC of most indole analogs was >5 mM, whereas the MICs
of indole-3-carbinol, 3,3’-diindolylmethane, 7-methylindole, and 7-nitroindole were >5 mM,

0.1 mM, 1.0 mM, and 2 mM, respectively, after 6 days of culture.

1 Z3p & 100 20| CHEE 2IEQAMM|E2| MICE= >5 mMQ! BHH indole-3-carbinol, 3,3’-
diindolylmethane, 7-methylindole, 2! 7-nitroindoleQ| MICE ¥ 6 = 242t >5 mM, 0.1 mM, 1.0

mM % 2 mMO| ALt

[0087]

[In addition, referring to the plankton growth curve in Figure 2, it was confirmed that indole

04-09-2026 - Page 84



up to 0.1 mM did not inhibit cell growth, 3,3’-diindolylmethane at 0.1 mM completely inhibited

cell growth, and indole-3-carbinol at 0.1 mM partially inhibited cell growth.

[EESH 29| EE3E 4& SIS FHH, 0.1 mM7EX|2| IS 2 MZE &S AHMSHK| 411, 0.1 mMO||

M2l 3,3’-diindolylmethane2 M d& S 25| AX|SHH, 0.1 mMO|A 2] indole-3-carbinol2 #&

[0088]

[From the above results, it was confirmed that the formation of acne bacteria biofilms was
partially inhibited due to the antibacterial activity of 3,3’-diindolylmethane and indole-3-

carbinol.
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[A7] 22 E2H 3,3-diindolylmethane % indole-3-carbinole] & #&MHOZ QI REEXHOZ 0{ES

Fo| W20 30| IRl 24 BHoler 4 ALY,

o ==

[0090]

[Blattributes={}; value=[<Example 2> Confirmation of Inhibitory Effect of Indole-3-carbinol,

3,3’-diindolylmethane, and Antibiotics on Acne Bacteria Biofilms]]]

[Blattributes={}; value=[<&A|0{| 2> Indole-3-carbinol, 3,3’-diindolylmethane % &Ko HHEE
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[0091]

[From the previously confirmed biofilm experiment results, it was confirmed that indole,
indole-3-carbinol, and 3,3’-diindolylmethane inhibit the formation of acne bacteria biofilms in

a concentration-dependent manner.

[QFA StolEl MEat Ma! A2 2E o1E) Indole-3-carbinol & 3,3’-diindolylmethanel| 5= 9| &

CZ HEETO W=0 HH0| ARIE[= 20| =Hel=|/UCt.

|

[0092]
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[More specifically, as shown in Fig. 2E, 1 mM (117 pg/ml) of indole significantly inhibited the
formation of acne bacteria biofilms, and the above results are the first report that indole has

antimicrobial film activity against acne bacteria.

[ECt &MSHA|, = 2EQF 20 1 mM (117 ug/ml)el I=2 HEEZ M= Hd S RSH AHISI2

However, as shown in Figure 2F, 0.1 mM (32 pg/ml) of 3,3’-diindolylmethane almost inhibited
biofilm formation, whereas Indole-3-carbinol inhibited acne bacteria biofilm formation in a
concentration-dependent manner as shown in Figure 2G, but at a lower level than 3,3’-

diindolylmethane.

J2iLt & 2F2F 20] 0.1 mM (32 pug/ml)2l 3,3’-diindolylmethane2 ME5t &M 2 7ol AX|st HHH
Indole-3-carbinol2 £ 2G2t 20| sE QEZXOZ (EEF MEY FMS AH|SHAX|2F 3,3’-

diindolylmethane 2Lt WALt
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[0093]

[Meanwhile, the antimicrobial biofilm activity of 3,3’-diindolylmethane was compared with
three antibiotics commonly used as acne treatments: benzoyl peroxide, gentamycin, and

ciprofloxacin.

[2tH, 3,3’-diindolylmethane?| ZM =0t 22 UM Ol (EE X2 X2 AFEE = 242l benzoyl

peroxide, gentamycin % ciprofloxacin®| 37tX| g4 x|t H| W StRALCE,

Referring to Figure 3, the formation of a biofilm by acne bacteria was inhibited in a

concentration-dependent manner.

T3S HOoIH, EF o =S HYS sk o[EHO = AN =|UCt.
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Benzoyl peroxide, commonly used for acne treatment, showed a lower inhibitory effect on
the formation of acne bacteria biofilms than 3,3’-diindolylmethane, whereas gentamycin and
the broad-spectrum antibiotic ciprofloxacin were more effective in inhibiting the cell growth

and biofilm formation of acne bacteria.

Im

O{EE x| =20f| 23] AH2E|= benzoyl peroxide 3,3-diindolylmethane ECt 2 ({EE N2l M=

L=
o2t
0x

A

o
[

IS LIERH BHH ) gentamycint ZHH 9 $H &M A ciprofloxacin 6 EER 9| M Z M &

1 HEO|2 HE HH S AHS=0 & 22HH0|UALY,

For example, as shown in Figures 3A to 3C, 200 pug/ml of benzoyl peroxide inhibited biofilm
formation by 60% with an MIC of 400 pg/ml. 20 pg/ml of gentamycin inhibited biofilm
formation by 98% with an MIC of 100 ug/ml, and 1 pg/ml of ciprofloxacin inhibited biofilm

formation by 94% with an MIC of 5 ug/ml.

OlE S0, = 3A LHX| = 3C2t 20| 200 pg/ml2| benzoyl peroxide= MIC7t 400 ug/mlZ M2 H N
2 60% AMMCE. 20 pg/mlel gentamycin MIC 100 pug/mlollA HZ28F &2 98% XS, 1 ug

/mle| ciprofloxacin MIC 5 ug/mloliA ME8t HH S 94% AH|SHFLCE.
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[0095]

[B[attributes={}; value=[<Example 3> Confirmation of the effect of a combination of 3,3’-

diindolylmethane and antibiotics on the antimicrobial biofilm effect against acne bacteria]]]

FAH

o

Of

[B[attributes={}; value=[<&Al0]| 3> HEE 0| CH?t 3,3’-diindolylmethanez} 2 4|2

xgto|

0

2ot wjol 0]l Fg sel]))

[0096]
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[The effect of a combination of 3,3’-diindolylmethane and antibiotics on the antimicrobial

biofilm effect against acne bacteria was confirmed.

BNy

00t

P29 a0 0jX| = ks =elotirt.

[HEZE70f thst 3,3’-diindolylmethanent &4 x| 2

As a result, when 3,3’-diindolylmethane and antibiotics were used in combination,

antimicrobial biofilm activity was enhanced.

1 2, 3,3-diindolylmethanet SHYHIS HRHIAS T S92} 20| SN EIALE,

More specifically, as shown in Figure 3E, 5 ug/ml of Gentamycin reduced biofilm formation by
53%, whereas Gentamycin (0.5 pg/ml) and 3,3’-diindolylmethane (0.05 mM) reduced biofilm

formation by 93%.

HOF AMISHA|, = 3EQF 0] 5 pg/mle| Gentamycin2 ME9 &M 2 53% A AIZI BHH Gentamycin

In addition, as shown in Figure 3F, 0.5 ug/ml of ciprofloxacin reduced biofilm formation by
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37%, whereas treatment with ciprofloxacin (0.5 ug/ml) and 3,3’-diindolylmethane (0.05 mM)

reduced biofilm formation by 84%.

EESH &= 3F2F 20] 0.5 pg/mle| ciprofloxacin2 28t &2 37% & AA|Z1 B ciprofloxacin (0.5

ug/ml) & 3,3’-diindolylmethane (0.05 mM) X2|= M 20t &M 2 84% ZAA|IZiCt
g

However, as shown in Fig. 3D, 3,3’-diindolylmethane did not improve the efficacy of benzoyl

peroxide.

J2{Lt = 3D #0| 3,3’-diindolylmethane2 benzoyl peroxide &5

mjo
er'
0>

FAIZIX] ZSHCE.

[0098]
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[B[attributes={}; value=[<Example 4> Confirmation of the antimicrobial biofilm activity of 3,3’-
diindolylmethane against biofilm formation by Candida albicans and Staphylococcus

aureus]]]

[0099]

Acne bacteria often form biofilms on the skin along with other microorganisms such as
Staphylococcus aureus or Candida albicans, and these biofilms tend to be more resistant to

antimicrobial agents.

[(ESFL 3 PMETNTR Tl ZHCICH QH|ZEXL 22 CH2 D|MS T} 37 T 0| $S2US HAs
oY, O|2{3t MBS S R0l o LHAo| QU= ZEo| rt
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Therefore, the inhibitory effect of 3,3’-diindolylmethane on Staphylococcus aureus or

Candida albicans biofilms under aerobic and anaerobic conditions was investigated.

et 27]d S edold 220 S e ot SE= ZIC|CE 2| ZEE M= 9k Tt 3,3'-

diindolylmethane®| x| 22tE ZAISHRILCE.

[0100]

[As a result, as shown in Figures 4A and 4B, biofilm formation by Candida albicans and
Staphylococcus aureus was dose-dependently inhibited by 3,3’-diindolylmethane after

culturing for 1 day under aerobic conditions.
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=

[ 21 = 4A S = 4B2L Z0| ZIC|CE LH|ZEX Sl SMI - MAF0f oot WE HH2 274 =N

12 st Hiret = 3,3’-diindolylmethanedi| 23 2 2|EXH Q= AN = RULL.

More specifically, 0.1 mM of 3,3’-diindolylmethane inhibited Candida albicans biofilm
formation by 94% and Staphylococcus aureus biofilm formation by 71% under aerobic

conditions.

-

HLF 4AMSHA|, 0.1 mM2| 3,3’-diindolylmethane2 = 7| Z740{| A ZIC|CE 2H[ZI= ME0F AN S
94% AM|SIRA N, SME M HET HH S 71% AFISHALL.
In addition, 3,3’-diindolylmethane significantly inhibited biofilm formation by Candida

albicans and Staphylococcus aureus after incubation for 6 days under anaerobic conditions.

—_

EESH 3,3’-diindolylmethane & 7|4 =710l A 6 S¢t B Yot = ZC|CE H|ZHX Sl ST A
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[0101]

[As the minimum inhibitory concentration (MIC) of 3,3’-diindolylmethane against Candida
albicans and Staphylococcus aureus was found to be >1 mM, it can be suggested that the

antimicrobial activity of 3,3’-diindolylmethane partially influenced the antibiole activity.

[ZICICH 2H|Zt=x S M I AR o) L 3,3°-diindolylmethane?| 2| AN E AKX 5= (MIC)= 22 >1

04-09-2026 - Page 97



[0103]

[B[attributes={}; value=[<Example 5> Confirmation of Inhibition of Acne Bacteria Biofilm by

3,3’-Diindolylmethane via Microscopic Observation]]]

[Blattributes={}; value=[<&lA|0f| 5> 10| & 2EZ St 3,3-diindolylmethane0]| 2|t HEEH2| M

S0t ofx

Jhot

Fel]]

[0104]

Biofilm inhibition was analyzed using a live cell imaging system, CSLM, and SEM.

(A2t X = live cell imaging systemt CSLM %! SEME AtE5H0] 2M8HQCt,

04-09-2026 - Page 98



Referring to Figure 5A, the 3-D color mesh plot confirmed that 3,3’-diindolylmethane inhibits

biofilm formation by acne bacteria at 0.02 or 0.05 mM.

T 5AE #stH 3-D A2 Mj#] 222 0.02 == 0.05 mMOf|A] 3,3’-diindolylmethane0| ({EE 70|

[0105]

[In addition, as shown in Figures 5B and 5C, CLSM and COMSTAT analyses showed biofilm

changes better.
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[S£3t, £ 5B X & 59 20| CLSM X COMSTAT 42 20t vi2}2 of Z LIERYICY.

In addition, untreated acne bacteria formed a high-density biofilm (thickness of 40 um or
more and surface coverage of nearly 100%), while acne bacteria treated with 0.02 or 0.05 mM

of 3,3’-diindolylmethane significantly reduced biofilm density and thickness.

EEoh MElEX] g2 EER2 12T W= (57 40um 0] &0 EH HEHE|X|7t 712] 100%)2 &4

)

O, 0.02 EE= 0.05 mMQ| 3,3’-diindolylmethaneS ME|ot HEEH2 HEU Lot FHE A &

More specifically, biofilm biomass, thickness, and surface coverage were reduced by >88%,
87%, and 95%, respectively, with 0.05 mM of 3,3’-diindolylmethane compared to the

untreated control.

HCE ANSHA|, M 29t Hio| QO A £ 30 EH HH2|X|= 0.05 mM2| 3,3’-diindolylmethane?} X 2|

x| &

CHZ=Lof| H|sl 2+2f >88, 87 & 95% ZAA|ZALCE.

rlo
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[0106]

[In addition, through 5D SEM analysis, it was confirmed that 3,3’-diindolylmethane reduces

the production of EPS in biofilms and reduces the cell density and biofilm formation of acne

bacteria.

6t0q 3,3’-diindolylmethane0| ‘4 =2}0{| A EPS2| ‘HH S Z4AA|7|10, HE

ol

7O ME LT Sl UET IHE A= A0| 2RU=[ULCE.

-

Interestingly, 3,3’-diindolylmethane treatment increased cell length, indicating inhibition of

cell division.

S0|EA E 3,3 -diindolylmethane XM2|= MZ Z0|E Z7IAIH ME 29| AXN|E LIEIHRACY.

More specifically, the cell size of acne bacteria increased by 240% (3.0 £ 0.3 um) and 252%
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(3.2 £ 0.2 um), respectively, in the presence of 0.02 or 0.05 mM of 3,3’-diindolylmethane

compared to the untreated control group (1.25 £ 0.4 um).

HO} HAMSHA, HEEF2| ME 237|= M2 = X| %42 CHEF (1.25 £ 0.4 um)2t H| 25k 0.02 E= 0.05
mM2| 3,3’-diindolylmethane Zxf at0il 2t2} 240% (3.0 = 0.3 pm) & 252% (3.2 = 0.2 um) B7+= YA

Ct.

[0108]

[B[attributes={}; value=[<Example 6> Antimicrobial biofilm activity of 3,3’-diindolylmethane

against various biofilms of Acne Bacteria, Candida albicans, and Staphylococcus aureus]]]
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[B[attributes={}; value=[<&A|0]| 6> HEEF, ZIC|Ct YH|ZI= 5! M M HO| CHE ME8H0]| CHot

3,3’-diindolylmethane?| & =8t 2M4]]]

[0109]

[3,3’-diindolylmethane effectively inhibited biofilm formation by acne bacteria, Candida
albicans, and Staphylococcus aureus, and thus confirmed the antimicrobial biofilm effect of

3,3’-diindolylmethane against multibacterial biofilms including 2 to 3 types.

r__°.t
13
Mo
2
ogt
x
mio
fot
H
12
[¢

[3,3’-diindolylmethane0| HEE+#, ZIC|Ct YH|ZHX 5! M I AR 2
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[0110]

Acne bacteria and Staphylococcus aureus in a 1:1 mixture of RCM and LB, acne bacteria and
Candida albicans in a 1:1 mixture of RCM and PDB, and acne bacteria, Staphylococcus aureus
and Candida albicansin a 1:1:1 mixture of RCM, LB, and PDB were used; two of the above 2-
type mixtures and one of the above 3-type mixtures were inoculated into the culture medium,

and the effect of 3,3’-diindolylmethane on the formation of the biofilm was confirmed.
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[0111]

[As a result, as shown in Figures 6A to 6C, 3,3’-diindolylmethane inhibited biofilm formation in

a concentration-dependent manner in all cases.
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In particular, as shown in Fig. 6C, 0.05 mM of 3,3’-diindolylmethane inhibited biofilm

formation by 69% after culturing for 6 days under anaerobic conditions.
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The above results are the first report on three types of biofilms: acne bacteria, Candida

albicans, and Staphylococcus aureus.
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In addition, various types of biofilms were observed using a live cell imaging system, CLSM,

and SEM.

[EESt, Live cell imaging system2t CLSM %! SEMS AF25t0{ CHE M =3t0| 2tESHILCE

As a result, it was found that 3,3’-diindolylmethane inhibited three types of biofilms in all

three methods.
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3 A3 M| 7EK] Ao M 25 3,3’-diindolylmethaneO| 352| M= AX|St= A2 = LIEHLCY.

More specifically, as shown in Figures 6D to 6F, the untreated group formed a biofilm with a
thickness of about 19 um with nearly 100% surface coverage, but 3,3’-diindolylmethane at
concentrations of 0.02 or 0.05 mM reduced the biofilm density and thickness in a

concentration-dependent manner.
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On the other hand, as shown in Fig. 6F, the three types of biofilms were less dense and

thinner than a single acne bacteria biofilm.
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In addition, as shown in Fig. 5B, SEM visualized the presence of acne bacteria, Candida

albicans, and Staphylococcus aureus in the mixed biofilm.
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On the other hand, in the control group that was not treated as in Fig. 6G, Candida albicans

formed pseudohyphae and yeast cells that were much larger than the round cells of

Staphylococcus aureus or the rod cells of Acne Bacteria.
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aureus cells.

Meanwhile, treatment with 0.02 mM of 3,3’-diindolylmethane prevented adhesion of most
Candida albicans cells, and acne bacteria cells were rarely observed among Staphylococcus
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In particular, 0.05 mM DIM significantly reduced EPS production in three types of biofilms,
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leaving only a few Staphylococcus aureus cells, while Candida albicans cells and Acne

bacteria cells were not left.
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[0114]

[B[attributes={}; value=[<Example 7> Confirmation of the effect of 3,3’-diindolylmethane on

reducing extracellular matrix (EPS) production in acne bacteria biofilms]]]
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[Blattributes={}; value=[<&A|0{| 7> 3,3’-diindolylmethane? HEE T ME 20| M MZEL2|7|Z (EPS)

[0115]

Extracellular matrix (EPS) production is a key feature of biofilm formation and helps protect

cells from external environmental issues.

[MZ27| R (EPS) Mit2 MEA Mol 0 EZOR 2F2| otF ENZEH MEE B3t E =Lt

Extracellular matrix production by acne bacteria was measured in the presence of indole, 3,3’-

diindolylmethane and indole-3-carbinol.
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[Referring to Figures TA to 7C, indole at a maximum concentration of 2 mM did not affect EPS

production, but 3,3’-diindolylmethane and indole-3-carbinol reduced the extracellular matrix

production of acne bacteria in a dose-dependent manner, and 0.05 mM of 3,3’-

diindolylmethane reduced the extracellular matrix production of acne bacteria by up to 90%.
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[0117]

[From the above results, it was confirmed that the antimicrobial biofilm activity of 3,3’-

diindolylmethane is partly due to the inhibition of extracellular matrix production.
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[0119]
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[B[attributes={}; value=[<Example 8> Confirmation of inhibition of mycelial growth and cell

aggregation of Candida albicans with 3,3’-diindolylmethane and indole-3-carbinol]]]

[Blattributes={}; value=[<& A|0i| 8> 3,3’-diindolylmethanel} indole-3-carbinol ZIC|Ct YH|ZtXS

[0120]

[Since the heteromorphic transformation of yeast cells into hyphal cells and cell aggregation
are prerequisites for the development of Candida albicans biofilms, microscopy and cell

aggregation analysis were performed to study the effect of indole on the morphology of

Candida albicans.
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[0121]

[As a result, in untreated Candida albicans, large cell aggregates entangled by hyphae and

hyphae were observed after 24 hours.
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More specifically, as shown in Fig. 8A, treatment with 0.1 mM of 3,3’-diindolylmethane or
indole-3-carbinol inhibited hyphae formation, and yeast and pseudohyphae cells were mostly

observed.
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In addition, as shown in Fig. 8B, indole at a maximum concentration of 0.2 mM did not affect
this heterotransformation, but 0.05 mM of 3,3’-diindolylmethane clearly inhibited hyphae

formation and cell aggregation.
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[From the above results, it was confirmed that 3,3’-diindolylmethane strongly inhibits the
formation of 3,3’-diindolylmethane biofilms by inhibiting hyphae formation and cell

aggregation.

[47] 2122 H 3,3’-diindolylmethane0| ZAI HA S M Z SES ARECZMN 3,3’-
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[0124]

[Blattributes={}; value=[<Example 9> Changes in gene expression induced by 3,3’-

diindolylmethane in acne bacteria]]]
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[B[attributes={}; value=[<&A|0]| 9> HEEZH| A2 3,3’-diindolylmethanel]| 2|5t R X} &oio| t4

2H]]

[0125]

[gRT-PCR was performed to confirm the effect of 3,3’-diindolylmethane on the expression of

11 biofilm and toxicity-related genes in acne bacteria.

[qRT-PCRE A5t (HEEF0 Ml 11719] =2 & 5o 2t |HAte| rodof tist 3,3'-

diindolylmethane?| &2 0I5t

Overall, 3,3’-diindolylmethane regulated the expression of several lipase genes, hyaluronate
lyase genes, and toxicity-related genes, whereas no change in the expression of housekeeping

genes (16s rRNA) was observed as shown in Figure 9.
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In particular, the expression of lipase genes (PPA1796 and PPA2105), hyaluronate lyase (hly),
and precorrin-2 C(20)-methyltransferase (cbil) genes was reduced, while the expression of

hemolysin (tly) was tripled by 0.1 mM of 3,3’-diindolylmethane.

£79]| lipase genes (PPA1796 5! PPA2105), hyaluronate lyase (hly) ! precorrin-2 C(20)-
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[0127]
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[The specific parts of the present invention have been described in detail above. It will be
apparent to those skilled in the art that such specific descriptions are merely preferred

embodiments and do not limit the scope of the present invention.]
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Accordingly, the substantial scope of the present invention will be defined by the appended

claims and their equivalents.
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