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Effects of butyl alcohol extract of Baitouweng Decoction on Candida albicans
adhesion based on pH-mutant strains under acidic conditions

WANG Yun-xia®?3, MA Ke-long"?3, WANG Yan"?3 WU Da-giang" %3 SHAO Jing"?3, WANG Tian-ming"?3,

WANG Chang-zhong': 3

1. Institute of Integrated Traditional Chinese and Western Medicine, Anhui University of Traditional Chinese Medicine, Hefei
230012, China

2. Institute of Integrated Traditional Chinese and Western Medicine, Anhui Academy of Traditional Chinese Medicine, Hefei
230012, China

3. Key Laboratory of Chinese Medicinal Formula of Anhui Province, Hefei 230012, China

Abstract: Objective To investigate the effect and mechanism of butyl alcohol extract of Baitouweng Decoction (BAEB) on
adhesion of Candida albicans based on pH signaling pathway. Methods Spot assay method was used to detect the sensitivity of pH
mutants to BAEB under acidic conditions. XTT assay was used to detect the effect of BAEB on metabolic activity of pH mutants.
The effect of BAEB on the adhesion activity of pH mutants was observed by fluorescence microscopy. The effect of BAEB on
hydrophobicity of pH mutant was determined by n-octane inclusion method. The effect of BAEB on the expression of adhesion
genes related to pH mutants was detected by qRT-PCR. Results Under acidic conditions, spot assay observation showed that pH
mutants were less sensitive to BAEB, 512 pg/mL BAEB interfered with pH mutants for 24 h and 48 h, there was no significantly
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decrease in bacterial colony. XTT assay showed that the metabolic activity of WT, PHR2 complementation, rim101/rim101 and

RIM101 complementation was significantly inhibited in 512 pg/mL BAEB, and there was no significantly difference in the inhibition of

phr2/phr2 metabolic activity. Fluorescence microscopy showed that the cell adhesion activity of WT, PHR2 complementation,

rim101/rim101, RIM101 complementation was significantly inhibited in 512 pg/mL BAEB, the cell adhesion activity of phr2/phr2
had no obvious effect in 512 pg/mL BAEB. The n-octane inclusion method showed that the effect of 512 pg/mL BAEB on the cell
surface hydrophobicity of WT, phr2/phr2, PHR2 complementation, rim101/rim101, RIM101 complementation was not significant.
The qRT-PCR assay showed that the adhesion genes of pH mutants was inhibited in 1024 ng/mL BAEB. Conclusion Under acidic

conditions, the Candida albicans pH mutants was inhibited by BAEB to a certain extent.

Key words: Baitouweng Decoction; butyl alcohol extract; pH signaling pathway; PHR2 gene; RIM101 gene; Candida albicans; adhesion
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th 22T BRI IR LIRS VVC B BETT
P AR k557K H 2 3075 5 O
ATEEEL, RILFEAE T B BB AL 4 B 5w A I 5 )
2Pl T Ve E R BRI, H AR I b
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1.1 Ffk
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B RAZHE . PHR2 [ 4MA. rim101/rim101 SRR
APk RIMI01 [k B H R B i A Pt 5 B
FL I o [ 5K S B AR R I .
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FERSH T M Ak R, s, T
B T2 R RS — IR EER th 2 55, IR
R EA R AT IR €, RS
FERHEYI 3k % Pulsatilla chinensis (Bge.) Regel [
TR . RBFAEY) BB Fraxinus chinensis
Roxb. 1K R B ERMEYIIE Coptis chinensis

Franch. ] T MW %2 . Z&HF R HE Y & K W
Phellodendron chinense Schneid. [T, 2544
IR ELL S 1412 L4 HHTECLE, K Ak Sm Ty
MR RN, BT 80%LEEH 70 Chndk
FIRHEEL 3 VK, &K 3 h, JEILJE &I, B
SR e, BERR M. IE T EEAREAE 3 R, A
Bl 65 CledkzEKk, Ma TR, /F30kE
B EFISEEY), S iE TR % KL BAEB R4t
&R G M 5RB . HPLC #1755 BAEB &
H/NEER 315.26 mg/g. FILF BT 174.81 mg/g.
Z I H &K 46.91 mg/g.
1.3 XF

HEDUE RS (XTT, GHEESEAEMAIRAFD;
Ytk 3 K3(RE Alexis A F]D; WG LIRER(FDA,
Sigma AF); IEEk (EZEFLFRFERA
A]D; pH 7.4 BERRERL MR (PBS, M LEEHAAR
ANFD; SRERFRUEE I GRYITT R TR A FD;
PCR 7 & (U455 RNA $#2HL, RNA iifEst, sz
I 562 B PCR (qRT-PCR) X6, HAKEY
AFD; 519 CHAHRSCHREL Gene Bank H 2487 5
HEHE LA TAY TREARA AT B .
1.4 {45

ABI Spectra Max M2e % IIREBEFR X [ A 70T
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pH {6, TR BFEHESR 2X10°, 2X10°
CFU/mL % H -
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2.2 Spot assay 0 pH REHRHIEE AL
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CFU/mL FAS R SEE0 AR SR B R, 1 B VR R
B 2X10° CFU/mL, Fi#% 10 f5#MiBEH % 200
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pH 4.0) SRS AREFRAE (pH 4.0, EhFRH
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48 h B, MEEE (CFU) LRSI .
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CSH=1EF}% Aeoo 1H/PBS Asoo {H
2.6 qRT-PCR &l pH REHFMIHEXEREH
%ij_;_[ll]
2.6.1 s RNA fU#2E 2 mL AS[FASZEG K &R E
HR (2X10° CFU/mL) 5 2 mL ZF&EKE 512
ug/mL BAEB & #5535 500 G, AT
fOxTIEZH, 37 CHEHE 4h 5, BOUWEERAE, LW
PBS 1 3 Y5 BEHT B RNA $2HL, 35 RNA ¥,
R R — 3, HAREIETT %S ToyoBo A
MagExtractor-RNA-$ U7 Ui Bl 5147
2.6.2 ik cDNA 6 uL RNA TiAsPE (65 C.
5min—4 C. 1min), RS MANEEH [4XDNA
Master Mix (55 pL). gDNA Remover (1.1 uL) ]
2 uL, 5 RT-Master MixII 2 pL V& & J5 #4404 4%
HEATW 5. 50 'C. 5 min—>98 C.5min—>4 C.
1 min [ N 5E %5 cDNA #iFE 10 £i5 4 H
263 SIMmwit5am ERFFIMN NCBI 3k
3, JH Oligo7.0 A&+ 519, 4t Bk
TAY TRB AR ARG REIY, & 511 LI
x 1,

*1 B35
Table 1 Primer sequences

HE SIYFA (5—3)
ACTI-F ACCGAAGCTCCAATGAATCC
ACT1-R  CCGGTGGTTCTACCAGAAGAG
ALSI-F GGATCTGTTACTGGTGGAGCTGTTG
ALSI-R ATGTGTTGGTTGAAGGTGAGGATGAG
ALS3-F CCAGGTGGCACTGATTCGGTTATC
ALS3-R TGGAGGAGCGGTAATGGTAGTGG
HWP1-F  TGACTATCCACAAGCCACAAGAAC
HWPI-R  GTCACAAGGAACACTAGGTTGAGGAG
EPAI1-F ATCTACCTCCTACACGACTGACACTG
EPA1-R TGTATGAGAACAAGAACCGCCATCAC
ALA1-F  GGCTACGTGTTACACACTGGT
ALAI-R  TCAACGCCATCTCCAAGGAC
INT1-F TCGTGGTGATGATGATGGATTGGC
INTI-R TGGCAGGCTTGCTTGATATGGAC
SUN41-F  GGTGCTGGTTATGCTAATGGTATTGC
SUN41-R  CCACTAACGGTAGAGCCTGATTCAC
CSHI1-F AGCAGTTCTTAGACAACAAGCAATGG
CSHI-R  TGGAGACACCGGCAATTGGAATC
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2.6.4 gRT-PCR XM KH SYBR %6k, SRR
% 25 pL: 2XSYBR Green RealtimeMix 12.5 pL. I
TUF514 (10 mol/L) %% 1 uL~ ¢cDNA 0.5 uL. ddH,O
10 puL. FiAEME 95 C. 60 s; RN AN: Atk
95 'C. 15s—~iB-K 50 C. 15s—%EfH 72 C. 45,
3£ 40 13 . R qRT-PCR SCGHATY W /e i . R4
FEMBIE 3AELEH, LWES 3R T2
WS A ACT1, gRT-PCR 435Il & H ) 3 [#
ALS3. ALS1. SUN4l. HPS90. UME6. PGA10
MANZ ACTL ) CAl, SL5as RIBUL-FI41E, FE[
FIEACT FfEEL (272808 kR .

xR
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2X10*CFU-mL™!
24h
2X10° CFU-mL™!
200 CFU-mL™!
WT phr2/phr2 PHR2- rim101/ RIMI10-
Bk rim101 [\
2X10°CFU-mL™!
2X10*CFU-mL™!
48 h

2X103CFU'mL™!

200 CFU-mL™!

A
WT phr2/phr2 PHR2-
BN rim101  [EES

rim101/  RIM10-

2.7 GHiHFIE
BN SPSS 23 Giit it ab e, THETR
PAX +5 3o, A2 5 LUBER A SR 207 2004 -
3 #R
3.1 BAEB S HR¥E pH REMHKEEF KA
SR NE 1 PR, AT, fER
Ki7% 24 h J5, phr2/phr2 BRSNS, HEiE) L&
A, PHR2 FER Rk MCE. T BRI I\ BAEB
TG, SRS HCIH 2R . HIRRETE 48
h, % BERIEEROIE 2, BR phr2/phr2 B KSR
M, HARTR IR B & 2500 [ .

512 pg'mL"! BAEB

2X10°CFU'mL™!

2X10*CFU'mL™!
2X103CFU'mL™!

200 CFU mL™!

WT phr2/phr2  PHR2- rim101/ RIMI0-
[FI4F  rim101 AR

2X10°CFU'mL™!
2X10*CFU-mL™!

2X10*CFU'mL™!

ml !
200 CFU-mL L

WT phr2/phr2 PHR2- rim101/ RIMI10-
[\l%h  rim101  [El%h

El 1 BAEB X B&IRE pH REKEE R A0
Fig. 1 Effect of BAEB on activity of Candida albicans pH mutants

3.2 BAEB % H/&IKE pH REHEFEMHET R 5S4
oA

SEREIR, AT HRIFG T (B2, 5§
¥Rk (WT) ML, phr2/phr2 FEARIEIRE IR 4 h
&, FEPHRACEE AR, ZEREE (P<0.0D).
BAA 512 pg/mL BAEB i), phr2/phr2 HHETE 0.
2 h MARBIENES WT. PHR2 [A] b B ¥k .
rim101/rim101 B4k, RIM101 AN FRZE 02 21 4 h
N 1) B AU S 1 350 B 2 BRI (P<<0.01), LI 2.
3.3 BAEB X HRIKE pH RLHFMEE M
21

R 9% 0 h, phr2/phr2 5 PHR2 [A]4ME 512 pg/mL
BAEB T Hi & a8 m, XA R, 1

WT, riml101/rim101, RIMI101 [EI%h7E 512 pg/mL
BAEB Tl & 9 i A BT s o

B 4 h G, NMAYWT WK WT.
rim101/rim101. RIM101 [EIME % e o B 58, (2
phr2/phr2. PHR2 [EI%pH) %G8 BE G s AN 2.
A 512 pg/mL BAEB T, WT. PHR2 [H[%},
rim101/rim101 RIM101 [A]%h )7 e 56 B B 2 PRI,
{H phr2/phr2 ZGIR LA, WK 3.
3.4 BAEB X pH ST HRHR/K M RIS

WENK ETHAESZ, M EE B 7 ik
¥ K%, WT. phr2/phr2. PHR2 [A]%h. rim101/rim101
RIM101 [FI#M S B PRIEIIA 512 pg/mL BAEB 1EH
Ja 5z A, TEH R . WK 4.
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EBwWT

E=3 phr2/phr2

E3 PHR2 A%k
MMM rim101/rim101
EARIMI0 [a] 4k

phr2/phr2
B
E33512 ug'mL ' BAEB

rim101/rim101
1 EBXTHE
| EH512 ug'mL ' BAEB

3.5 BAEB Xt pH REHFMitE X ERFRIZNF N

gE RN 2 fis, PHR2 JE A OB Jcid il ALSI
FIKFiH, ALS3. HWP1. EAPl1. ALAI. INTI.
SUN41. CSHI ZE[K i, RIM101 FE XK S Jis
ALS1. EAPI. INT1 [T, ALS3. HWPI.
ALA1. SUN41. CSHI K EEEE.

BN 512 pg/mL BAEB 15, WT. phr2/phr2.
PHR2 [EI 4P #K . rim101/rim101. RIM101 [5]%h B #k
PP R KA TE B B EcE R R (R 3).
NT I PIRFEE R R RIA =TS 5 BAEB 2iK
FEAHSE, I 1024 pg/mL BAEB T-His, WT #4&
Pk EAP1. INT1. CSH1 ZRF HH i, XF PHR2
i DRI R 2K B3 (] b T R 1) 2 DR 36 3k g W 2 s ) .
RIMI101 [FI#hEE#k EAP1. ALA1. INTI . SUN41.
CSH1 ZRFHILTIH (R4,

4 Wig

FEA SR R G b, LS R Ah = B

F50% F24H 200912 A « 6013 -
WT
057 BB
04 - EZ3512 pg'mL~' BAEB
PHR2 [a] %}
059 Extm
04 - E3512 ug'mL"' BAEB
£ 0.3 -
< 0.2 A
0.1 4
() .
0.4 7
0.3 4
g
é 0.2 4
~
0.1 4

Oh
5 WT Lt #P<0.01; SxRALE: “P<0.01
#P<0.01 vs WT; P < 0.01 vs control group
2 BAEB X ARIKE pH FRERFMBTR S E MRS
Fig. 2 Effect of BAEB on adhesion of Candida albicans pH mutants

2h 4h

LHIZE (adhesin) JHIT 575 F 4000 #524K 40
HAER, K4 %EHM (colonization), AR H)SE R
FAFe FRERE AN IEE RN R R 2 PR R
EMEASEED, HREERZ 2 WML pH 5
EZLPS -

pH 15 5B (R RIM101 @) & E&RE
Y N — 2R ST BE 5 i g . 12l AN
QBRI IAEE pH N, FR S5 ESEkE
(R0 B LA A P R B 56 22 b AR ) 2 R AAE P TR 48
1 pH 15 F @B BT K A B R, PHR2 BE I 7E
pHE/NT 5.5 BIFRPERME T A eIk, JERZ R
AF Rim101p A% . 1 Rim101p & —Fh DNA 25
HEA, BT pH 24 T ¥Rt

NAKIIE pH (EAE 4.0~4.5 A0 57 B AR A
MEREST VVC A WIHST 201 BAEB X B & R 1%
pH T FIAER B BHBHRR R (1 52, S I e PR E R M
pH 251 F3t47. M Spot assay SZ4GZE R A]FH 2,
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{HEREFE 0 h

w_‘
- AL

{EIEREF 4h

- 82

A1-WT A2-WT (512 pyg-mL ' BAEB)  Bl-phr2/phr2 B2-phr2/phr2 (512 pg'mL™' BAEB)  CI1-PHR2 [} C2-PHR2 [El%} (512 pg-mL™!
BAEB)  DI1-rim101/rim101 D2-rim101/rim101 (512 ug-mL~' BAEB)  E1-RIM101 [E[%#f E2-RIM101 [E[%h (512 pg-mL~! BAEB)
al~e2 4 A1~E2 fHX R R skfs, &4 [
Al-WT  A2-WT (512 pg'mL™' BAEB) Bl-phr2/phr2  B2-phr2/phr2 (512 pg-mL™' BAEB) CI1-PHR2 complementation —C2-PHR2
complementation (512 pg'rmL™' BAEB) D1-rim101/rim101 D2-rim101/rim101 (512 pg'mL™' BAEB) EI1-RIM101 complementation E2-RIM101
complementation (512 ug-mL™! BAEB) al—e2 were images of responding strains tested under bright fields, same as figure 4
[l 3 BAEB X AR2ZRE pH SREMRFEMIET & I HIF200
Fig. 3 Effect of BAEB on adhesion activity of Candida Albicans pH mutants

phr2/phr2 B #EIITE AR, BEVE LT PIERAS AT L. BAEB X HAER BN, A ZY) s pH %
BAEB T-1il N pH RAMKE®EL (CFU/mL) BB R BOCI B8k . R B pH EX T 2548
B, HEN pH SASARTERRME A PRAR A TIEREA, AR, (HIX P20 R 29 UB AR K 4L
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Al A2 Bl B2 C1 C2 DI D2 El E2

4 BAEB X pH R HRERK MBI R0
Fig. 4 Effect of BAEB on CSH of Candida albicans pH

mutants

HilE FEE— R .

LU ER (XTT) TELR KA I S B R %
il Rk £ R B 40, R ok 3 A R 4 9 1
W TR S BR R A P A B AR . SIS 4
RKI BAEB fEH T, WT. PHR2 [d] b .
rim101/rim101. RIM101 [R1%M B R E R BB BE R 0+
2. 4 h I 4E ARSI FAIK, {5 phr2/phr2 (140
RUFAE 4 h BT BARE . [F] i AR S8 1
FAD %G HURINT pH RAT R B4 VS ) 34T TR A
J1kill . FDA J& — et sk MR e = AT A
W, e R DA IE AN A NP, 3 A P P T

# 2 PHR2. RIM101 fR& 5B BSBRERMEX EE R
Table 2 Effects of PHR2, RIM101 deletion and replenishment on Candida albicans adhesion-related gene expression

T PR ALS1 ALS3 HWP1 EAP1 ALA1 INT1 SUN41 CSH1
phr2/phr2 ' t t t t t t t
PHR2 [A] ] g | t — — t t — —
rim101/rim101 | — — ! — ! — —
RIM101 [A[%} B £k | — — t — — — —

5 WT I, R BRMGECORT 2, |V RORTIEBECRT 2, —RRBEUAHE, TXRA

Compared with WT, tdenotes upregulation greater than 2, | denotes downregulation greater than 2, — denotes no significant change, same as following tables

&3 512 pg-mL™! BAEB ¥ pH SR HRFMIHE X EE RIZAIFZ0D
Table 3 Effect of 512 pg-mL~' BAEB on expression of adhesion genes in Candida albicans pH mutants

£ ALS1 ALS3 HWP1 EAP1 ALALI INTI SUN41 CSH1
WT — — — — — — — —
phr2/phr2 — ' — — — — — —
PHR2 Ik B — t — — — — — —
rim101/rim101 — — — — — — — —
RIM101 [l %M EE Bk — — — - — — — -

# 4 1024 pg-mL™' BAEB X} pH RE#MHFMIAXERRENZM
Table 4 Effect of 1 024 pg-mL™! BAEB on expression of adhesion genes in Candida albicans pH mutants

LS ALSI ALS3 HWPI1 EAPI ALAL INTI SUN41 CSH1
WT t t — | — | — '
phr2/phr2 — ! — — — — — —
PHR2 [ #h i £ — — — — — — | !
rim101/rim101 t | — — — — ' —

RIM101 [B] B #K — — _

' | { | |

ALK — CRBRIE ], 74 B mR 96
Wtz . IR St e n] LA — R4 Es
TIbR%E . SRERSE R A3 pH RARERFE 0 h
AT AL S, BRI, HiFR 4 h
Ja, UAIRZT-HifE st i, k8l BAEB 6

B RANH] WT PHR2 [A b rim101/rim101. RIM101
5] D B PR S 1, OGRS ST IR, 2
phr2/phr2 FIZH RS I H TG B2, SRR G
TEKER

CSH 5 A & BR 1 0] 15 5 20 o Bl E A= A 56 7
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HEs50% 248 20912 5

IR RE 77, HERKYER SRS S5 MR 2R,
TN, CSH A BT T A HE 480 5 05k 44t i 1) A A E o
Htk, CSH #iA AR A& BRI 10— AN E 25 A
TU6Y, CSH 54 R R M 25/ % V1A G . 1R 2 254
IR I T CSH 1M A 35 ARG I Dh e o AR
FIARIET 7R BIR B, 1024 pg/mL BAEB T-Fift 22
BEAR A BR 1 B A6k WT () CSH, {BASHT 7T G
CSH 25 T B2 E AR /NE) 512 pg/mL BAEB,
X WT J A 4 B pH FRARRRES 2501 J5 A B H B
S (HSZEG M %23, phr2/phr2 A rim101/rim101
X 2 FROABRR b2 IEAR LT oV, RIEKPE T
W%, 2B PHR2 A1 RIM101 P (OAEAEXS T 4E4%
SEREEM CSH 23 7 — 2 IEH.

LR 0 MEE N 2 THi #6577 BAEB A pH 242
PRBH P S2mi 1 2 7Rl . S5 R R, 512 pg/mL
BAEB 1EHJG, FiBAHICIHE: RIRIA 1B AN ] 2,
{A2Y4 BAEB JREK S 2 1 024 pg/mL B, BR 7T
AR (n HWPD TER R ARk, HAth RN 3R
(N URER R T 2 %, KRR =K E BAEB 1] fg
FET pH I8 % 32 17T 5 0 i L 256 B A DG 2 R R R 98
T A HEFCA ] 2 SR R

BAEB 7E 1 42k DL I8 8k B AR R 2251
WP —HE & 512 pg/mL. AWF7RH, KT 5%
BEAHOCH) pH RAGKK, HT RASHRIEE 1 e B3
Z5t, I BAEB MIBUBCHE T R, (HHAEE
F 1024 pg/mL BAEB Xt CSH J B AH 2% 3 K] ) B
B NRER, RH—E =N BAEB fERMEFM4 T
Ae— EFEREIIH] S BRI R VR, X R
FERTIE F &R R GLR HE 7 R B . {2 BAEB £
BRI 54 T 5T pH 5 S IB BN & BR T & BT
RTINS A fr T — B4R .
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