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Antibiofilm Activity of Scutellaria baicalensis through the Inhibition of Synthesis of the Cell Wall (1, 3)--D-Glucan
Polymer. Kim, Younhee*. Department of Oriental Medicine, Semyung University, Jecheon, Chungbuk 390-711, Korea

Candida biofilms are self-organized microbial communities growing on the surfaces of host tissues and medical devices. These
biofilms have been displaying increasing resistance against conventional antifungal agents. The roots of Scutellaria baicalensis
have been widely used for medicinal purpose throughout East Asia. The aim of the present study was to evaluate the effect of
S. baicalensis aqueous extract upon the preformed biofilms of 10 clinical C. albicans isolates, and assess the mechanism of
the antibiofilm activity. Its effect on preformed biofilm was judged using an XTT reduction assay and the metabolic activity of all
tested strains were reduced (57.7 + 17.3%) at MIC values. The S. baicalenis extract inhibited (1, 3)-3-D-glucan synthase activ-
ity. The effect of S. baicalensis on the morphology of C. albicans was related to the changes in growth caused by inhibiting glu-
can synthesis; most cells were round and swollen, and cell walls were densely stained or ruptured. The anticandidal activity
was fungicidal, and the extract also arrested C. albicans cells at Go/G4. The data suggest that S. baicalensis has multiple fatal
effects on target fungi, which ultimately result in cell wall disruption and killing by inhibiting (1, 3)-B-D-glucan synthesis. There-

fore, S. baicalensis holds great promise for use in treating and eliminating biofilm-associated Candida infections.
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Candida species= 7| 3| o2 P&l Ao 4
7L weleo] okshEl BjolA EAA BAEHE F3
3tch23]. H|E C. krusei, C. tropicalis, C. glabrata, C.
parapsilosis, C. guilliermondii®} 2+ non-albicans species
7} A&A o2 dAE D Qo C. albicans= oA = 71&+
g9 YA E A4 HYHo 2 7|EE 9uh15].

C. albicans®] AL adhesinS EF3 £FZZ o tgt
A 24, GAEY ;uam} " EA FAF o2 A
5 Y, ofAmZEA B BeEat phos
pholipase®} 2L 7hBal| G40 Bu], 37 HI o I:st]- u}
S8 ZE ket acdo] s AAEH T4, 10].
albicans 9] 717 23 5489 F shte AE%H4 EE&
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3’Jr HAAY 7HeEE Eféﬂl H Y28 W 2R Hio]le
Eolghe &veE FA6I0[8, 24] 75 HEAI= 5
§°]‘4- 2|29 A7 ‘TJrE‘E'i C. albicans®] &3} F/4E o
29 dgto] Hio| e FF 9] AT #Ho] S-S HolE
tH2]. N Hiol B E2 W The] SAX = 2Hg5to] <
o AYAAE st o2 HUAZRE Y FAA ?J
HE AU FRFA Y A& e WS s[5
AEHQ FRAA AR et EAHE ASHA7] °"4
Ao A ZHL AL A%xZET] 15-30% AA|3H=t), o]
= A2 AFEt oA E AlZd Aol AHEEE oulgt
13 Az 743 FgS Ad = AA sty AxZ 9
AFE ARYS FAT = A Tk B AZFHE &
AA7|11L P HEHE 7Hs oA st 22 A &40 gt
Wl g F=th ool AlZHe Rabojuf Ao it BT
71, A9 o] oju] T gk gz A-g]rH13].
C. albicans® AEZ™-& mannoprotein(16-23%), (1,3)-I}
(1,6)-B-D-glucan(47-60%), ?_P‘i‘,‘%:_‘(16-25%) A A (1-7%), 7]
H0.6:9%) 02 2 A o] S o Az eyt

z 2710



BAEE FASE 24 F24E YehdTH, 3]. (1,3)-B-D-
glucan synthase= Candida &3} Aspergillus £ X33}
= A7 AlEY = 3 AE9 (1,3)-B-glucan polymer 2
FAL &ust= a4 F C. albicans, Neurospora crassa,
Saccharomyces cerevisiae?} -2 81 9] A|Euto] AgE o]
QA= T, 7, 28]. 0] 84+ UDP-glucoses 7| A 2 AHE-
sto] A AY 9 polymer FAHE ZdtH caspofungin,
anidulafungin, micafungini} Z2 A FA e £FOo = 2}
&3ttt[16].

Candida XA tigt A 52= AF9 JN2H EA of
2ol g4 gt A 4 97t AFY NE= A Axg
9] ergosterolo]| Z3}s}= amphotericin B9} 22 AR HA
polyeneo] o|E3gttt. XLol= HnA Apgo] §olFt
azoles A2 9] AAAA7F 2] ZEol tigt (AR 4
2 ARGE L Qlth21]. 2y AlRHE oFA| o A &A Q] AR
o g st WA #57F st 7 Ao = A EF
oA AZet Bagat fAE st EA S| HAS
UTH18]. TehA 540 R =2 A28 HE Ad 1F
FRAAA Q] Fhdo] Al G AA ol

T BHAQ v E TA A gt A ay o= ok
&t AEfrl SRkEe e Aol AFHL dled 2 o
fre ol SRHES] A% A g diet A7 E ol 9
off @ FAF 5k vIZE R o7 de] ARS-E|o] QbAStThaL
AZr 7] gl &o|th9]. B2 (Scutellaria baicalensis Georgi)<
e, Fo, U8, T AR E 3 d Bt gt A AL
|50 gt} 349 H AE9| BE|REo] Y= ARGH F
2 4,471, AL gl 714 Bl g, A9 Az AMEE AL
Qltt. o] A1E9 FAEL baicalin, baicalein, wogonin®.2 |
g, oflghE, ot Bl Z A9k Eolut WA= & =7
A=t o5 FASA, FATA R ZHE-3itH12, 29].

& A= S. baicalensis®] 874 FEE0| AdtkE &
AE2 R B2ld YA CandidadFol t8] $-53t aup
oleFF F8& YEUH, o3t T8 o] C. albicans®
(1,3)-B-D-glucan synthase &4 A& Fst A28 T4
A et o] 2 QI7F ARl A 22 Go/Groll A SE Y A
Z23719 APE JAs= ths 2t o] e XTT
SAEAH, (1,3)-p-D-glucan synthase 4], FUN-1/Calcofluor
white 0|59, neutral red G4, time-kill assay, A|ZF7]
248 4 @7aict

al
3]

3t

|

AZH Z(S. baicalensis)?] ¥2]E jchanbang.como]A]
o5t 30 g9 FFE 600 mle] FHo] Yol 147
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B U F 247 B B 2,000 g2 2087 AHE
3 T ASAS AREF7|E 5470 FAA R ]

[¢]
T2 #8A FEE 141g2 2T 84 FEECIS
S. baicalensis)S 50 mg/mle] FE2 FH4 H9 3
0.45 um filter (Avantec, Japan)2 &3} A& A 7}1A]
-20°Cof| st

o

7 o uhe

Candida albicans (KCCM 50235, ATCC 18804), C.
glabrata (KCCM 50044, ATCC 2001), C. tropicalis (KCCM
50075, ATCC 750), C. krusei (KCCM 11426, ATCC
32196)= St=u| A& B Z A E (Korean Culture Center of
Microorganisms, KCCM)o|| A E9F wro} A}&35}¢ T}, vlo] @
IE2 AF A2H 10 C. albicans F3E= AYTHE A2
FH 2YstHen[22] EeatF= —70°C| HystEa da
Al YM agar (Becton Dickinson, USA) EX YM A ujj 2] o]
A Achepe 3 AR

ZA ArlsE(Minimum Inhibitory Concentration, MIC)
MICE CLST M27-A3 u]g3] A [6]0] &3to] resazurin
& EFA Azt 2PUNTIS et AHgarot
TE 242 33 WHEs) T MICE F 7hA] 7|&0f uhat
ARk MICE 33]9) 241 5 243 23] AX AL
33 F 7MY =& #oeE AASAT ¥4 dxade=
amphotericin B (Sigma, USA)E ZFA|F .

HIO|REE &MU} S, baicalensis| EHIO|QTE &M =X

ATk bAoA Bt 10 C. albicans 4529 3t tf
719 vjFHNE 5% glucose’} H7FE Yeast Nitrogen
Base (YNB/Glc, Becton Dickinson, USA)o| & &=
1x 10" CFU/mlE 3] 438} ¢ . Flat-bottomed 96 well
plate (Becton Dickinson, USA)o] 34 H& 0.1 ml¥ Y1
37°Col A 3AIZE ¥ %3t C. albicans7} Hlo| L &S F4
S stk H9aH e AR AT YNBGlE B2
T 22X 2ES 35t S. baicalensis7F £8HE 0.2 ml
9] YNB/GIcE 7 wello]] o] 27|9A 9] vpo| & IFo of
3t S. baicalensis 229 AJadS ARG 27t
FAEE 200A 24X7F FQF 37°Col|A] ¥EEAZ] 5 HEo]
S HE9 &S XTT A [25]0 what S35t
2E AYE v 33 AFstET tlolE e 33 A 59
StHE UEhd

C. albicans®| Z2|AE[M &M H=tof| Cist S bai—

calensis?| Hsf
Y4=719) C. albicans ATCC 18804 vl %FH-2 YNB/Glco]
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FZ =% 1 x 10" CFU/mIZ 3434 t}. Flat-bottomed 96
well plate®] HJFH 0.1 mlS Y31 37°Co| A 3A| 7t v %3}
o C. albicans7} ¥1ol £ BES A STk Lo
o] AR E RAAHA AASL YNB/GleZ P+ & 24 o
Z-2 x5} S. baicalensis7} 3= 0.2 mle] YNB/Gle
£ ZF welld] 2o 3A|17H} 24A|7F Fof| E]AE vl
2+e C. albicansg Y%A @v]7 (Olympus, Japan)ys §

syt

2

Microsomal membrane2| =H|

(1,3)-B-D-glucan synthase?] &4 =4S 93t 829
microsomal membrane Shedlefzky[27]2} Kurtz[16]2]
HHS Hystgon e o3 AL 4°Cof| A Pt
Fth: 1 L2 YMe| C. albicans ATCC 188045 #Z3}o
37°Coll A 16A17F 9t 218 vl kst Srt. v eke-& 1,900 g
2 A8t AYTE 5T T 10 mle breakage
buffer [50 mM TrisCl (pH 7.4), 1 mM EGTA, 4 mM DTT,
5 uM leupeptin, 20 uM PMSF]o] dEA|Z] & 3 mlY
0.5 mm glass beadE ¥ 7024 123 Bead beater
(BioSpec, USA)E Z5AIAH AZE s AIF T Ao ot
) AzEs YA dujFd oz FFSG ). 3,000 g2 102
7 AT F AFHE 100,000 g2 1A17F AR5t
o] membrane JAEL At Membrane JHAEL 33%
9] glycerolo] EFHE breakage buffero] &< & -27°Cof
B35t Membrane HAE9] Tl HoF2 A AL
W of whel Bradford £4] ¥ (Bio Rad, USA)2. 2 =43}
st

0z

(1,3)—p—b—glucan synthase &

(1,3)-B-D-glucan synthase &4 &4 ot 812 Kurtz
619 wwe ot wFsAth BF soe =
reaction buffer [50 mM TrisCl (pH 7.4), 4 mM EDTA,
20 uM GTP, 0.5% Brij 35, 6.6% glycerol, 2 mM UDP-glucose],
100 ug®] Attt membrane proteinI} S. baicalensisS &
ste] 25°Co| A 3047F BES-AIFTH 6 N NaOHE 10 ul ¢
o] ¥Fg-& FAAZ T B/ glucand 80°CE 3027t &3
AZ T 210 w2 aniline blue mix [40:21:592] 0.1% aniline
blue, 1 N HCl, 1 M glycine/NaOH buffer (pH 9.5)|1& €2
35 50°Co| A 30E7F wF2A]7] th& fluorescence reader
(Bio-Tek, USA)E A}-83}9] excitation 400 nm, emission
460 nmo A 509 =2 9] oF2 =A3F} ). reaction
buffer, stop solution, aniline blue mix% ¥FIS
background 2 3}¢] (1,3)-pB-D-glucan synthase &4& o}
o] Aof| wzt ALttt

X
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(1,3)-B-D-glucan synthase activity (%)

= (fluorescenceygoago of S. baicalensis-treated sample-
fluorescenceqooae0 of background)/(fluorescenceynoago Of
non-treated sample-fluorescencesopeo of background)
%X 100

FUN-1Z} Calcofluor WhiteZ AlESt 0|5 HA
=719 C. albicans ATCC 18804S YNB/Glcol| &
=T 2 x 10°CFU/mIZ 343tgch 24 2+ 233}
o] MIC9] S. baicalensisE A |3t & 37°C, 200 rpmo] A]
3AIZE B¢t A wjshth 1 mle) vjgFAS 5,000 g2 18
7+ AR5} 3l4=5}al Phosphate buffered saline (PBS)2S
2 37 % 50 ule] PBSZ #3314 =%t 20 uMe] FUN-
1 (Invitrogen, USA)T} 25 uM$] Calcofluor white (Sigma,
USAE ol 429 daoA 1A7F o4 FA3E $ triple
pass filter7} A2+E €33 1)74 (Olympus, Japan)>2 T

st

Neutral red SAMof| o|st 24

4=719] C. albicans ATCC 18804 ¥ (2 x 108 CFU/
ml)o] MIC®] S. baicalensisE &3 & 37°C, 200 rpmoiA]
A et wj okttt 4A17F £ 5,000 g2 187 YA R 5o
343t & PBSE 1At T2 %9 5 mg/ml neutral red
2 ot 3 eEdn A o2 skl

MEgO| 24

4719] C. albicans ATCC 18804Z YNB/Gleol| HE &=
T 2x 10" CFUmIZ 3 A5+t MICY S. baicalensisS
A 27t 3 37°Coll A 200 rpm o2 4A| 7 FF A g ulj o3t
At 1mle AL 50002 127 YAEFY
CandidaZ 3|43t & phosphate-buffered saline (PBS)Z 3)
Tk Muse™ Count and Viability kit Merck Millipore,
Germany)S A 2AL9) W ol what 223t 3 Muse™ Cell
Analyzerg AHESt] AEES ST 24 d2ds o
95%2] EZE 072 ZA3 T S baicalensis & AI}S H A

ahqich.

Time—kill curves

=712 C. albicans ATCC 18804 Hjokol-S YM Hl=]o|
2x10*CFU/MmIE 343 & SA g rZL £§3le] MIC
9] S. baicalensisE €2 % 37°C, 200 rpm o2 A& v
StTh AR Alztebet 100 pwl & W FHS A2 FE
aZl F 202 o) wutsto] Fof 259 AH A
getltt. SRTE AYSHA FAskaL 34 Y 100 ulE YM



agar plate®]] =H3to] 37°Col|lA] 24417k vl et & =] A
22 7S5t Aste] e Werel 4
= B 339 A F S Lehi

+ quadruplicate

S. baicalensisOf 2|St MZZF7| tH3}

4719 C. albicans ATCC 18804 Hj %k (1x108 CFU
ml)®) S. baicalensisE A g|¥ & 37°Co A 200 rpm o2
g vkt 1, 2, A & 27 1 mlo witH S
5,000 g= 133t ¥4 E8te] A ZE 343t F PBSE 3
;LOH:} 1 ml9] 4°C ethanol/PBS (7:3)2 91 -20°ColA] 15

B oA} 1 43}e] Al Z=E permeabilizationA] ZTF. 0.5 ml
9] PBSE 3+ & 0.5 mle PBSE Y1 XF 5% 200 ug/
ml RNase A (Sigma, USA)E g3t} 50°Co| A 1A]7F vH-&
AlZ] &, DNA SM2 938l 50 uge propidium iodide &

308 7F o] £& 9| EolE & Muse™ Cell Analyzer2

B3},

Ofm
N
I

[y |
HEAYL 2 E= 33 BHEFG oY FAEAL ttest
, F 15 7H9] Aol Paired t-test2 SigmaPlot 10.02

2
o]-g3te A3t patol 0.05 Uit W FAHOR £
)3l

oA o2 293t FMTithel C. albicans, C. glabrata, C.
krusei, C. tropicalis®] T3} S. baicalensis T84 F&
=9 AT+ AS resazuring 283t 0|3 A Hof| 93
BAS Atk Table 1. 48 338 Ge B2 S T
FE Y 4REG B AUX BT ATE YR
AL MR A e A E 22Ho] A3t AL uALY A
__ b‘]— ﬂ] H_Q./\‘] X] d%—% '651 ‘]‘S‘I-L 0‘1‘7]' n}o]- 7]“_]-01] ]:H
& A S A7t Uk mEba B AgolAs
resazuring 3E3HA| A B Lo 9]&35}= CLSI A27-39) 7|&
WS BAE T resazuring FEA Q] R ZA Arolgl
£ Al 93) resorufin® 2 = o] 770 oo
A P4 ReMoz Wt g(20], M7} yebA] o
= A F=7FMICO|H Hh ARA A5 HolErh
S. baicalensis® C. albicans ATCC 18804 9] ojdF MICx
1.56 mg/mlo| 3L, Ao o] 83t & Candida sp. Bt &
2 MIC 32 JeErAT). S. baicalensis® 107}A] C. albicans
QJArE e F3of tigt MIC =3 EZ C. albicans2 AHEE
C. albicans ATCC 18804%} 2% Y3t 1.56 mg/mle U
EFithH(Table 1).

U4 C. albicans £ #FE0] 347 % FAT 2 v}

o>~

O §
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Table 1. Inhibitory activity of S. baicalensis extract against
Candida spp.
Concentration
Candida species S. baicalensis amphotericin B
(mg/ml) (ug/ml)

C. albicans ATCC 18804 1.56 0.25

C. glabrata ATCC 2001 0.05 0.13

C. krusei ATCC 750 0.20 0.25

C. tropicalis ATCC 32196 0.20 0.13

C. albicans (clinical, n=10) 1.56 ND?

The MIC endpoint is based on visual determination using tur-
bidity levels according to CLSI M27-A3 protocol and the colori-
metric determination using an oxidation-reduction indicator
resazurin [17]. ND?: not determined.

Table 2. The effect of the S. baicalensis extract on the
metabolic activity of preformed C. albicans biofilms,
expressed as percentage inhibition.

Concentration of S. baicalensis (mg/ml)

C. albicans

clinical isolates 1.56 312
Inhibition (%)
1 515+ 5.9* 83.1 £ 4.0
2 71.8 £ 4.5* 80.0 + 0.06**
3 58.4 + 7.6** 80.9 + 1.6
4 73.5 £ 6.2* 83.0 + 5.8
5 215+ 152 75.8 £ 3.1**
6 69.7 + 13.6** 89.5+ 1.6
7 405 + 18.1* 78.6 + 7.6
8 50.6 + 4.6** 59.6 + 3.4*
9 77.6 £ 6.6* 87.2 +58*
10 62.3 + 6.5* 791 £ 7.9*
Mean 57.7+17.3 79.7 £ 8.2

Metabolic activity was assessed using the XTT reduction assay
measuring the absorbance at 492 nm. Inhibition percentages
were calculated as 100 x (1-A4g With S. baicalensis/ A4 Without
S. baicalensis). The differences in the optical density (mean +
standard deviation) of individual biofilms incubated with S.
baicalensis extract and control values were calculated using
Paired Student's t-test, and were considered statistically signif-
icant when p-value was 0.05. The experiments were performed
three times with four replicates. *p < 0.05, **p < 0.01.

ol HEo| 3] S. baicalensis?) Hlo] L DE AAFTIE =
AFSFRATE. 24A17F B9t S. baicalensisol| lEH Hlo|2IE
2 MICOIA 57.7+17.3%, 2MICO||A] 79.7 + 8.2%7} XMEJ
911, Paired-t test® B8 g Zute] 2jol= tjHE 95%
EE 99% oA FY4S UEFATHTable 2).

C. albicans®] ZT|2€]d ®H F2o] didt S. baical-
ensis®] G ¢rolR 7] &) 3A7F EoF A H vlo|od
20| S. baicalensisE 23t F2| Hlo]2TWE HF}E A}
2t du) & B3l B4kt 3|7 2447 & FEE S.
baicalensis®] HFo| QL E A|A A= 4o AF A<
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S. baicalensis

No treatment

B dg)i% <§7

3h

24 h

Fig. 1. Effect of S. baicalensis on C. albicans adhesion on
polystyrene surfaces.

Microscopic view of C. albicans biofilms after treating without (A)
and with 1.56 mg/ml of the S. baicalensis (B) on preformed bio-
films for 3 h and 24 h, respectively. Bar = 10.0 um.

100

80 -

60 -

40

20 A

(1,3)-B-D-glucan synthase activity (%)

0 1 2 3 4 5 6 7
Concentration of S. baicalenis (mg/mL)

Fig. 2. Cell wall (1,3)-8-D-glucan formation is decreased by
the S. baicalensis extract.

Reaction mixture containing Tris'Cl (pH 7.4), GTP, Brij 35, UDP-
glucose and yeast membrane protein were incubated in the
absence and presence of S. baicalensis for 30 min at 25°C. Glu-
can produced was solubilized and aniline blue mix was added.
Fluorescence with excitation wavelength at 400 nm and emis-
sion wavelength at 460 nm was quantified with a fluorescence
plate reader [16]. Error bars represent standard deviations (n =
4).

o L

4F 9 2o Hle) AL E T2 BFE 25
Bull= A7t Bol ¥EE A (Fig. 1).

S. baicalensisE A 2|3 AP Y AZFo] g & T2

1 Ao BakEA) e Feje] Hakste] KR AZu o

(1,3)-B-D-glucan polymer Aol #dl= (1,3)-p-D-glucan
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FUN-1/
Calcofluor
white

Neutral
red

f—y
100 um .

[S—
100 um
L g .

No treatment

Fig. 3. FUN-1 and Calcofulor white double staining (A and B)
and neutral red staining (C and D) of C. albicans.

(A) and (B): C. albicans stained with FUN-1 and Calcofluor white
were viewed by fluorescence microscope. (A) Viable C. albicans
with characteristic red CIVS inclusions; (B) S. baicalensis-
treated swollen round cells with densely stained cell walls. Both
live and dead yeast cell walls were stained equally well with Cal-
cofluor white. (C) and (D): C. albicans stained with neutral red
were viewed by phase contrast microscope. (C) Live yeast cells
with red vacuole; (D) Dead yeast cells with red cytoplasm. An
arrow indicates ruptured cell debris. Bar = 10.0 um.

S. baicalensis

synthase &4 U]x|&= S. baicalensis®] EIE B33t
Fig. 29 2o X &= v}l ZHo] 1.56 mg/mle] S. baicalensis 2]
ZA3tol A FAE (1,3)-B-D-glucan polymer?] %L 2
o v3 67.4+3.1%E Z2EPon 3.12 mg/mle S.
baicalensis ZA| sl A= 42.4+1.0%Z 1,3-B-D-glucan
polymer®] &AFFo] FZA3FATE ETE (1,3)-f-D-glucan
synthase®] &AL S. baicalensis®] ZA|3l A s=-2&
Hog Zrastql.

S. baicalensis ] C. albicans A|3Eo| th3t Fejz ¥ &
15 &S] 938 FUN-13 Calcofluor whiteE FA|o) &
MAA triple pass filter7} 2t FFAWNZE S T3 &
STt Calcofluor whiter Aopl 7Lt £ A|Z Q| A EH
< 39 gty o ® JMA It FUN-12 A|l29hg 531}
T 4 e B probeEA HAH O E Sl AR = A|X
Aol & CIVS(cylindrical intravacuolar structure)E L}
BRI TH19] S A2 A28 €2 939 gFor
HANIAZ|BZ a9 tatet BEo RS Bastr| o] 3
ettt Fig. 3A0] Bz viel Zo] fix2] dn|7 &l
olm| A= AAAQ Eof FHE UL glon F2 A9
MEZY CIVSE HAZOEH o|F A&7} thAtd o g gyt
32 XA, S. baicalenisE A g st A (Fig. 3By o

HE 533 REo] aE FAYS Usion], Be Mo

CIVSE Ffdte AZe 242 AEd. ddve =3t
C. albicans® W=7} AT, N Z FH 9 A5 Fodt



= BFE FHE el Az gUdt olE2 ®
Calcofluor whiteo] &3 A3}A AZHo] AL EX
Uetlth. C. albicans®] BEoHo N ZFEE & 4’3}
Q3 th= "B o 2 (C. albicansE neutral red2 M &
QA2 Ao A o2 A5 T Neutral red= A EEE
H Ze AZE AEY BA BA GUEY o} U A
ZE= AxzA W9 vacuoleFto] HA A2 ETh[14]. Fig. 3C

i o o

9 iz A4 deFolw Azd Yol H2 vacuole
o] THE o, Fig. 3Do]| R oL upe} Zro] AF Lo

M AEZA AA7E A5A GNE AZ7F SAEAY AxZ
wo] s E]o] To1A Qi cell debris?} of2] Fio] PAE)
9, RS 1 % ShEE epdn

(1,3)-p-D-glucan synthase®] &AJo] A= H ¢ gF1 oF
3 AEo] 448 Aoz dEie, Fig 3Be] A7

3 Calcofluor whiteZ FAE A2 AL d#Ao| 9l
71] HS B £ AsHA Aol H= Rl #HEHSL
ot 2 A9 Aol FAFSHA lipopeptidefl 23l (1,3)-B-D-
glucan synthase®] A o] A Aspergillus fumigutus |
AT =7AL A zea Aoz g3ty FAH SA4E F
2o ) So] BREYTH16]. o]= AEH ] 3 TR
o P Y A= Qs thE FAHLAE T Hol FUAA

(A) 3 POPULATION PROFILE

VIABILITY PROFILE

*Tive Dead
< A J952% /,/4 8%
B 34 m 3 /
=z O 4
. [m)]
N 2 e 2 ;
:ll — 7 ,/
w1 O 13K
&) =) .
=z i/

it . s

0 1 2 3 < 0 1 2 3 <

Live VIABILITY Dead Live VIABILITY Dead

(B) ., POPULATION PROFILE VIABILITY PROFILE
» Live Qzéd
< o j220% 78.0%
3 35 4
W 34 ) 5
z a
L 2
N <
o 4
.
('-'_jj 1. § He
0 Sl e e o s
0 1 2 3 < 0 1 2 3 <
Live  VIABILITY  Dead Live VIABILITY  Dead

Fig. 4. Effect of the S. baicalensis on cell viability of C.
albicans.

Subcultured C. albicans cells (2 x 107 CFU/ml) were treated
without (A) and with S. baicalensis (B) and incubated for 4 h with
shaking and 37°C. After washing with PBS, the cells were
stained by mixing cells W|th Muse™ Count & Viability reagent
and analyzed by Muse™ Cell Analyzer.
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AEH Y A% BASEE WAUZ] 283 AR B
AR, o & 937 AshH = F9 Adote A7t 28T
Ao Z Ay7ZtET)

S. baicalensis®] X< A ikl tigt M AYSESS £45}7]
A3l S. baicalensisE YL 4A17F F2t wWj%¥st & C. albicans
o BEES AT Aolgle AlZ9 2 Al 2o tigt
£3140] o2 ¥ 7179 DNA 2% 33URE ¥ 7
Muse™ Cell analyzer2 B48}g1, )27 H2EL oF
95z HAT T AREY AEES ZHSAEY 22%)
AZEEL YEM S ™ (Fig. 4), ©o]&= S. baicalensis7} &
Sl AZY HEE GFL T AL AAETE

S. baicalensisES 911 vj 3t C. albicanse] A|ZFE A
23 JhA ol HEt colony count &4 & APttt Fig.
50 H o v} 2ol 9AIZE g & C. albicans®] BEE
2 0.93+0.3%°] A3, 24X 7F F9o] AEEL 0.01% ©|3}
[26]Z ©]+= S. baicalensis & C. albicans©] gt a1}7} A
AZgolehe AL guatt.

C. albicans©] S. baicalensisS ATst & 1, 2, 3X| 7t —"T—
o] N|ZF7]E Muse™ Cell Analyzer 2 EA3}4t} =
& AJZEe] AURAA Go/Gi} 8710 U= AlEZES] HlE0] 7&
28HHA G| 2 == AS B = A TH(Table 3).
I S. baicalensisE A 2|3 ATl M= Go/GiY H&
o] AABHA FA(Go/Gy arrest) H o S7| 29| AlZ27] A
P& JdATE ¢ 5 )T "N C. albicans= S.
baicalensisZ S E N 2& SF o gzt 2o Hdoz
NEEZY AAE Agst Ao =2 Bt o= C. albicans
o Az FAo] AsjHHA ELasHA S7] = 3§ s}
Az o g AR E &H|5t= Yol I=E 1Y S7|29
AZE Adets A28 Age Aoz YzhEr.

(1,3)-B-D-glucan synthase®l] gt #|3)A| & & 77} A3
TA 16012 R AH S. baicalensis 2] E31+% (1,3)-B-D-
glucan synthase S S A|stH A 42+ AL YeEFY Ut
(Fig. 5). & A 9] A3t b2 H S. baicalensis = A2
A Aagzol Wk A2H £A 9 47-60%F AAot= &
83 #4849 (1,3)-7 (1,6)--D-glucan F sh+l (1,3)-B-

Table 3. Effect of the S. baicalensis extract on cell cycle
of C. albicans.

No treatment S. baicalensis
1h 2h 3h 1h 2h 3h
Go/Gy 497 38.1 20.0 49.9 50.5 54.8
S 24.8 275 18.8 21.9 227 19.6
G, 15.4 235 30.6 16.6 16.2 15.8

C. albicans ATCC 18804 were stained with Muse™ Cell Cycle
Kit, and acquired on the Muse™ Cell Analyzer. Population per-
centages were analyzed with the Muse™ cell cycle software
module.
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Fig. 5. Time-kill curves for the S. baicalensis extract and relative viability of C. albicans.
C. albicans cells (2 x 10* CFU/mI) were incubated with shaking in the absence and presence of S. baicalensis (1.56 mg/ml) at 37°C,
and a colony count assay was used to determine the candidacidal activity of the S. baicalensis extract against C. albicans. Error

bars represent standard deviations (n = 4).
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