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B E: [¥%] 4&itzii(Candida albicans)d T &M B R AE, TilR = ZTFEAR KL
BAeH ZAMARRE, RIBRELGARFRFGATENIZAHI—. [B] R T L5
8 EARE IR E AR, [Fik] NE SHE LAt EARBNIrTEH B AR, o
M EA SR E AR R . sk iak b, 8 i 4248 % T R 55 (scanning electron microscope, SEM)
VLA AT & EAIRE BRI 509 %% . N E Ak BE B2 B (alkaline phosphatase, AKP)&& . b
7, § R H B AT AL R 9 (propidium iodide, P & 047, KA Abat @ EAKRA AW T RS
FEW A BRIE B E ) Hoh, JTA T R AL E PCR o h & E8ZRE AWML Al XK F (5
EFEAFII B ALSA, KEEEA &) B LA e A4 A E HWPL. B85 B8 AL B PLBL)#) R kK
P, WR AT G ESRA ORI . [LR] Hdd T8 E8%RE & EMRANA RS LR
G 2 A+ (Thymus vulgaris CT borneol essential oil, TBEO), 47 % B # 2 #(36.0+4.8) mm. TBEO
89 LB ROH ot BF(43.43%) KM (8.97%) T B M (7.70%) & 7 B (5.81%)Fe 55 42 B3 (5.19%) 5 ,
#) & TBEO &A1) 70%. a8 F R M4ie94 R A% TBEO A E T A ERSKRA VAN &, BK
RE@UrL., Al EH. I AKP A 5. Bikw 3R feai R (P4 & o4 R &8 TBEO 3 X 7
B EAIRE WL A 0 A 05 M. TBEO *t & &R AWIROT RAWFER, 3t e R
AR BIF6FHRAER . TBEO YV B £ & b6 Aol KB 8 BeiE 4. SEHT % K22 PCR
X3 27 TBEO T 2% T HWP1. ALSA 4= PLBL A F ¢y kA ¥. [4] TBEO *T & &4AZRE A
RAFO I HIVER , AFFR A TBEO £8 EAIRE B 55 69 5L A -4 T 38 1RIE
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Abstract: [Background] Candida albicans is a conditional pathogenic fungus capable of causing
severe mucosal and systemic fungal infections and one of the major fungi leading to high morbidity
and mortality in patients. [Objective] To study the inhibitory activity and mechanism of thyme
essential oil against C. albicans. [Methods] The inhibitory zone diameters of 5 thyme essential oils
against C. albicans were determined, and the components of the essential oils with high inhibitory
activity were identified. Scanning electron microscope (SEM) was employed to observe the effect
of essential oils on the morphology of C. albicans. The alkaline phosphatase (AKP) content and
extracellular solution conductivity were determined, and propyl iodide (PI) staining was performed,
on the basis of which the effects of essential oil on the biofilm formation and adhesion and the
phospholipase activity of C. albicans were determined. In addition, real-time fluorescence
quantitative PCR was conducted for the lectin-like sequence gene AL3A involved in the biofilm
formation, HWP1 involved in the switch from yeast growth to hyphal growth, and the
phospholipase gene PLBL1 to reveal the inhibitory mechanism of this essential oil on C. albicans.
[Results] The Organic Thymus vulgaris CT borneol essential oil (TBEO) with the strongest
inhibitory effect on C. albicans was selected, which showed the inhibition zone diameter was
(36.0+4.8) mm. The main components of TBEO were a-terpineol (43.43%), camphene (8.97%),
caryophyllene (7.70%), carvacrol (5.81%), and linalool (5.19%), which accounted for about 70% of
the total TBEO. The results of SEM showed that TBEO caused concave surface and distorted cells
of C. albicans. TBEO increased the permeability of the cell membrane and cell wall of C. albicans,
causing the leakage of intracellular substances. TBEO inhibited the biofilm formation and exerted a
scavenging effect on the formed biofilm of C. albicans. TBEO reduced mycelium formation,
affected adhesion, and decreased phospholipase activity. Real-time fluorescence quantitative PCR
results showed that TBEO significantly down-regulated the expression levels of HWP1, AL$4, and
PLB1. [Conclusion] TBEO exerts an inhibitory effect on C. albicans. This study provides a
theoretical basis for the application of TBEO in the prevention and control of C. albicans infection.

Keywords: Candida albicans; essential oil; organic Thymus vulgaris CT borneol; antifungal

M &2k (Candida albicans) /& —Fl 5514 B i A5 E SEBOERE E5E, I HooT 5 HiAth
PEORH, ERESERE KRR MET - REFER AR MANRIRE 8 Sl pH) A\ A&
Yot W TR EEoRE 2 —MN, AR, RERSE AN, B0 SERE ] REM 5
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TR 28 FAE YN, 22818 E 40 42,
T BCRE MR L R S, S AN SRR . B
TE SR BN SR I IR L 25, kI R 1T
WSV R BE A R A R ST A e
2 (4N 80 M) S PT B 2T TR T A R T
JERY (X S 2 Py i K AT S S S BT 25
P, BRAh, TR 2 R R S AR A
ARSI R S . R, A gt
XA RV TE 2R FHAS [R] 8 26 P 0 254 il SR s, kit 4
i 245 11 TR B ) ) B35, o DR IEA L LA
WA RER ), Kl (essential oils, EOs) 4%
FE T 55 FAE PR 9 B R R A R R R A=A G
BEA B M B R, AT A s IR Ak Pt 2451
A ORI 2,

A RAEE MR, oW EA RAF
FA TS M, BRI CLHE 1 S IR A TR N ) 2 F
WA AR Alves 282 ISR IE SZ R R H
FINE A LA 6T 11 68 A R T A ) )T B 8
sEINIE A ; Rajkowska S5 VR BT AKGMH . H
RGBSR T K, A A v Bl
3 A A 00 T Ak B B AOR . SR R I
0.8 %o HH A7 Tl Al B BL A il 4 A 1R R AR TR R, IE
SSZ G PR PR 1 S ER e T T H itk
AU, A ARSI AT BR R AR B R
AR ER TR A 24 ) SRk o SR TR Vb A A S
PES IR IT IR | R s A B L B0y X
ART2ESR . I, AWk A PUBEA Y H UL 5 Fp
B EAM W, BVA YRR K A 57 (organic
T. vulgaris CT borneo) ki . A HLASEIIEREE
H F(organic T. vulgaris CT linalooh)f& i . I
i B AR (T. vulgaris CT linal ool A il . & iy i
BT (T. wulgaris CT carvacrol yks i Al & B &
LA (T. vulgaris CT thymol & i a4 B i v A 7
FOAE, X B ASCR A LRSS e i e L 7
¥ M (organic Thymus wulgaris CT borneol

essential oil, TBEO)AJHM MLl #7485, A
S H A T AR ) 2 A AN e Y o FH R IR RIS
FIBIF 5T et

1 S

11wy

{5, &3k (C. albicans) ATCC 10231 Frifi
PRI, R A ) T A DR B G

A WAL S P ix B B A (organic T. vulgaris CT
borneol A% i . A HLAR 5 T & B H HL A (organic
T. vulgaris CT linaloolfil . LA B A H A& (T.
vulgaris CT linalool)#% i . 7 ;7B B H & (T.
vulgaris CT carvacrol ¥y Fll B 5L 1 A B A (T.
vulgaris CT thymol A1, M2 7 = 25 Rl (1
A PR H]

WEREHY, Oxoid ZAw]; BREE MR, JLatirg
BAHEARN A s 0 EEFBSE, B
(EHE) AR T & e A BR S W) 5 e W 1R iy
(alkaline phosphatase, AKP)iR{#] & . Hil & F (K"
R G, B E Y TR, RPMI 1640
iR, Gibico 2] MUEPIRE . 2-T- L A2
RSV, Sigma-Aldrich 23 A5 g 504,
K (EEAEYRHEA R\ 5 SYBR Green,
W EEERHAA R A,

SHETEAL . SMHBEAL, ZHERRA
BRAW; WAL, R ER G A R A
"3 HEE, HITACHI AF; %66GE R PCR
1, ABI 24wl 8 550 53 6 B3t
Quawell 23 A] .

1% ) B I 7 %) M (yeast peptone dextrose,
YPD)BiflR i F H(g/L): WERRHY 10.0, JEAR
20.0, #iAHE 20.0, Bl 20.0. YPD #{ARER
B A3Ehs, Hap i 5 AR IR A
FE R T 121 °CK T 20 min 5 432645 H o
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1.2 A%
1.2.1 HERH &

BUA SR AT YPD RS R4,
37 °C. 180 r/min fHIRFERIE LR ARG 24 h,
i P H2 b R RE RS 0I5 1Y) 0 A 2R T A VT [
PREEFRIE PRI IR AASE SR 48 ho PRHUK ST 1Y
TS 2 YPD WiAsEFEEH, 37 °C. 180 r/min
RESEE 24 ho WERFRRULHT, J5 2L
R T R AR EE YR 1x10° CFU/mL.,
122 HEEEZRNE

VR PE EAR 2% Humphries 255
IR, KBRS 1x10° CFU/mL,
B 100 pL ARSI AT LE YPD [ RE SR 5,
¥ 10 pL TBEO i A KK HIIELLH (6 mmx
6 mm) I HCE AR R AT G S PR B, 37 °C
fE IR IR A IR 24 h JE WSS IF I A1 i P AR
RIEE 3K, BOFHE,
1.23 &/ #0 & 7K E (minimum inhibitory
concentration, MIC) X & /7 3% & 7k & (minimal
fungicidal concentration, MFC)ll iE

%% Haddouchi F'MRGH M Ik, HHEE
WAEE R 1x10° CFU/mL, RARPERRL,
R HCT 3 0.1% (AR E0nt i -80 /9 YPD
WARRE SR 5 b, B HIAS [ B2 A A T 2L AR VA
W H 5 E R EBBIRG, ARIE hZL I 2k
FEYEEN 0.1-10.0 uL/mL. F60REME Sy BH P X) BR
H, TR 2SI R AN N T T AR 2
R 3 AT, 37 °CHiF% 24 h, MIC A B4
il IR A K RARKEE, MFC 40T P
SR TR AR AR K W B ARV
124 SHEGE-FRIZHKB(GC-MS)B 2 4

KA ETE O % DB-WAX i
(30 mx0.25 mmx0.25 pm)AY 5 VEFEAS I 25 F
1745381 U1 pL TBEO F1 1 pL 2-TF-FER (B dh)
BT 998 L AWML, ARG, MMETE
SARRLUE . VERERE SREE R 250 °C, 4y

MR 501, BAONAE 99.99%MAS, Wi
3.1 mL/min, AL F2dfi(electron impact,
EDETIH(70 V), BFIRIERE: 230 °C, i
LA vz 50-500. (S RESE: 40 °CfE
¥ 1 min, FfiJ5 5 °C/min F+ & 57 °C, 2 °C/min
J+2 78 °C; 4 °C/min J} 2 88 °C; 3 °C/min JI &
92 °C; 1 °C/min J}% 107 °C; 6 °C/min JI &
129 °C; 4 °C/min F+ & 137 °C; 6 °C/min J} &
159 °C; 4 °C/min F} & 163 °C; 1 °C/min J} &
169 °C; 6 °C/min J} & 230 °C. H.# 3 F EF bk
HEF AR &%(National Institute of Standards and
Technology, NIST)%i# % 5 bk v i €0 13 068 ff
BT IA) S AR RR A E, e A AL e i A A T
AL A AR o R R R R S RO T
NIST FEHATHOXS, PR Sl A AT o
1.2.5 3335 (scanning electron microscope,
SEM) 3 52

6] 1x10° CFU/mL ) & B oI A /) v g
(1/2MIC ., MIC 1 MFC)f TBEO A¥, PAJCHI/K
YERAFAXTRE, 37 °CH55% 4 h /5, 8 000 r/min,
4 °CE§.L> 5 min, Fide B, {4 0.1 mol/L 1Y
JCP PBS #hk 2 Wk, UUIEYEETERBUECH
2.5%M % ZBEVE TR, 4 °ClESE 2-3 d. JCI# PBS
VRV 3 WA FRRFER B, i ARG O
30%. 50%FH 70%BEFRZEIBIK, 6 000 r/min
B0 2 min JEEUTIEY) BN IRANIE, kT
24 h JE¥SRES R DIFEERS, BT
AL AR T U AR A R AR 2544
1.2.6 HfaREKEMIN AKP it 5= /N E

B 5 000 r/min 8.0 10 min, F#%E b
W, WERWGMEHJCHE PBS ikt & A,
IMASA 1/2MIC, MIC ) TBEO &, JCH
PBS R eI 85 B E R4S, SRR
TCRAKAE R 2 IR B RRIFE A S T 37 °CK
WIRE, AW TIRE 1. 2. 4. 6, 8, 10f124h
JGAE 4 °C. 5 000 r/min B.0> 5 min, B,
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Fie B AKP 30 S B 1 i AKP 54
127 BESKREMMERNESERNNE
JH 240 1t RS A0 R X FL S 6 3O A L BB 4
A, ST S Ye SVIERIES S, ¥
BT 5000 r/min 2.0 10 min, JJGHE PBS 2
RUERUIIE - E A 2 SR PBS W, %
PR B A R RE S o % 1/2MIC, MIC WREE )
TBEO ¥ 73 5N & 4F B BRAE o, 58
SIRATE, WEHH SRR L, 497
37 CAKIBIFERI 2. 4. 6, 8, 12, 18 Al 24 h
JEBURE, MIAS L3I0 R Ly X R TR
RIS S min J5 AR M HL 35 Lo, AHAEAS
FRIFE AR DIIR
?ﬁé%(%):%xloo (1)
1.2.8 L ATE(propidium iodide, PI)E & 547
Pl et rMrsite 2% Calabrese 25"y
Bo WFEEW 5 000 r/min #5.0 10 min, FEd b
W, JoR PBS mhUbIFE BRI, MASH
1/2MIC . MIC 1 MFC [ TBEO %5 5 fifi I JC B
PBS I ERAEARRNREA, SHATUICHKAE
RS FI IR KRB T 37 °CKIB Shm,
A PLYSGYRBHMf AR E 7 3.0 pL/mL, #EOEHFH
30 min, BUSE R ARER S R, BTG HE
B PSSO AL, RIS
1.2.9 TBEO ¥ H & Xk E 4 MR KA 20
R S% Leite W LM EB M,
FH 96 FLIRIGE T YN, &LIA 100 L FH&
W, 37 °C. 100 r/min YR 90 min, JCIH
PBS YE AR A M, LN A—E & RPMI
1640 BEFRMEEE AW, EAEVBIL R 4.
8. 24 148 hidf&rh, MAMNFMSE TBEO %
WFE 6 h, DISAFIRAK A Z FIXTIE. Bk
LB SR, FHJCE PBS Wvk—wk, &4l
A 20%E P L SE 10 min, WEHEFPEE, fLRE
T T4 15 min. FE/ERALAIA 200 pL 0.02%

gENEOKIEW, Yeft 10 min, WSS S
W, TRUKBERETLO ., AR 3:7 1) LB
SRR AR 200 pL s e, L4
O3 HEIEEEHHNE 590 nm R EFLIER ARG
1210 TBEO MHEBIHKEELE LTI

27 Yousuf POy AR B 2498 R EA 100
FZ. AR S RPMI 1640 B IR IR A 1E 96 1L
B, AR (1/2MIC, MIC 1 MFC)f)
TBEO %W, S ARBUCHI/KIE RS FAXTIR, 37 °C
HEWZ 240 )5, DGR TSRV,
1.2.11 TBEO X H&XEKEFMIEA RIS

S5 KR ER A HORS TR G 11 €0 R TR R A
PIsZI . 96 FLAREEALH A 100 pL AW, i
AA[EIHSE (1/2MIC, MIC F1 MFC) TBEO 1A
JG4E 37 °C. 100 r/min £/ F 55 F 90 min. {8
JCW PBS nhigk, FEfEW SR, JFH PBS iH
Pe—W. 20%F EEE E 10 min, W HEE, fL
W T T 15 mine LA 0.02%%5 i %8
JKIEW 200 pL, Yeft 10 min, W45 5K
FEHICHEKBE S . ALY 3:7 /) 55 T4 1
HITR A 200 nL A 2SS 58, %E 590 nm 4k
FEFLIA IR
1.2.12 TBEO ¥ B & ¥k E K fF4E A 89 220

2% Ellepola S5k Jr i I 7 0 A 1 (14 715
PE, ORI € R K A A R 52 0
Iia) i) 28 4o 1 T A8 R HP O A T T 4 1 A [ B
(1/2MIC. MIC 1 MFC)f#) TBEO ¥, "I 2 pL
T EEE IR R R IR b, DUJCTR K Ab B A TR
B X IE . 37 °CIRE 48 h 5l iiye B
HiEMEEER, T8 W7 UUTE X L (zone
ratio of precipitation, PZ)E, PZ {HITEWAZ(2)
Fis o

P7 = P V% A% (mm) )

B 7% BL1% (mm) + P03 Bl B2 (mm)

1.2.13 TBEO ¥ B & SBREHEXBIRERE AT

M %E 2 TBEO Ab ¥ )5 T8 45 54 48 1 & 3 [

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn
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(HWPL) . i B AH 5 35 DX (AL S4) FH Bk i il AH 5 3
K(PLBL)f ik K FAR L. FESIEA I 1.2.3,
45 & AR e (1/2MIC . MIC 1 MFC) TBEO
FIH W, 37 °C. 180 r/min 8RR % KA 5
F£ 24 h, 4°C. 12 000 r/min &.[> 2 min [ ER;
FeEL, A 1 mL JCi PBS, FRIREL.OFHE L
W, WERREDIE, & T-80 CRTH: 24 h
Je W

Fie B RNA $2IGA T G0 B Ud B SR IO 44 2
RNA: HUHFE GRS IIA 1 mL 24@0, #k
WCAT ¥ 5 40 i 58 A ik i e, IO B TE W =
RNase-free .00, & 5Smin J5, IMAZEM %
FREEFIST, AENES) S #H#E 5-10 min, 10 000xg.
4 °CEL> 15 min, MFE IS, MAFEL
FEEBR S VLI RNA, 12 000xg, 4 °CE.L»
30 s, 7 M. RS CBY kMR, WB9
MYEP K . FITEE 10 min J5, A GE B
RNase-free 7KI&fi# RNA JTIE o

DIRELA S RNA AR, i 00 4 S
F &AL cDNA, B 1 pg RNA #40 F PCR &
i, BT PCRAYH 65 °cCHUEYE 5 min, Sk 5%
JZ WA 2 Jy 4xDN Master Mix 2 pL, 5x RT-Mix
2 uL, Nuclease-free K #M 2 10 uL, 7EVK FiEfT
I EE. SR E, IRGIRS, &
PCR & T &0 SO TR E IR, FJS
BT PCR Uil AT e sk, Wi Z&AF: 37 °C
15 min, 50 °C 5 min, 98 °C 5 min,

% 53 i cDNA J5 #5147 52 I % 7€ 2 PCR
(real-time quantitative PCR, RT-qPCR)73#T .
H B9 EE D e NS 3L R (ACTD) I 51 17 51k 1
JF7R o

PCR JZJWi#A%: SYBR Green3 uL, . F
W5 1%)(5 mmol/L)4% 0.5 uL, DNA 4z (5 mmol/L)
0.5 uL, JCRE/KAME 10 pL.
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Table 1 Primer information

Primer  Primers sequence (5'—3") Size
name (bp)
ALSA-F TCCGAGTCCATTCCAGTACTAA 190
ALSA-R GTTACAGCATCACTAGAAGGAATATC 190
PLB1-F GCAATGTTGACTGGAGCAGGT 125
PLB1-R AACCACGATCCACCTGATAACC 125
HWP1-F ATGACTCCAGCTGGTTC 503
HWP1-R TAGATCAAGAATGCAGC 503

ACT1-F GCCGGTGACGACGCTCCAAGAGCTG 158
ACT1-R CCGTGTTCAATTGGGTATCTCAAGGTC 158

PCR S 4%

(1) ACT1: 94 °C 2 min; 94 °C 30 s, 63 °C
30s, 72°C30s, 32 MMEH; 72 °C 10 min,

(2) HWP1: 94 °C 2 min; 94 °C 30s, 59 °C
30s, 72°C30s, 32 DMEEF; 72 °C 10 min,

(3) ALSHA: 94 °C 2 min; 94 °C 30 s, 59 °C
30s, 72°C30s, 32 /ME¥H; 72 °C 10 min.

(4) PLB1: 94 °C 2 min; 94 °C 30 s, 60 °C
30s, 72°C30s, 32 MEH; 72 °C 10 min,

ROV ARG, TS L R A Rk i,
WARKGB) . DAk 2s AR, A 2H 5
R 3R,

ST e B =274 (3)
HH, CH(C nin-Cr mssrea—(Cy bi-C s
1.3 HiEaE

P A RIS 3 RS . R SPSS17.0 Ff:
HEAT BRI 3R 7 2243 M Fl 22 3 LU 85 (Teast-significant
difference, LSD), P<0.05 FK/nEPa= 025 5
% . f#/ OriginPro 2022 #-2:A .

2 EREQM

21 AMEEREERAMBESKENIE
EE %

WA A/ 7 mm A IEANREACE, 7-9 mm
AR, 10-15 mm A UK, 15 mm L E
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N B, ARG, e 5 AlRE I
%} C. albicans ATCC 10231 F431 i B8l B 42 31
HENAGASEKER MIC 5 MFC &8,
TBEO & A& K, H(36.044.8) mm,
MIC 25 0.4 pL/mL. £ 7R, BHPEXTRE
MR BE TR 3] 100 pg/mL BHTE KA K,
IEIE I AL TBEO (£ 2). WL, ¥k
I ERCR I AER TBEO #1175 SEHLRIISY .
2.2 TBEO EEM%

%} TBEO i1 GC-MS Ri434r#r, s 3 fiF
/N, TBEO BILUFIH 25 FhEZ M5, ol
Mot B A 2 (43.43%), HRE KK (8.97%). T
F W (7.70%) , AN, @& EFAH D EF B
(5.81%) . F5HEEE(S.19%) 5 i 5y, HALRLA N o-
TEH . RO AE IR AN 2B VK TR SR A R AT
o MIE o-PATHEEXS (O SIRIEPIETE 1, o-
FAIEE MIC 24 0.6 pL/mL, MFC 24 1.0 pL/mL,
2.3 TBEO X B &K E MUK SRR

1 A UL, TBEO X [ {8 BR A A SO B 25
SO T . AR 2R T A ER A B AL AR (B 1A)
RWDEHE I Pothly, KB EST. &
1/2MIC FPRG AL EE S (B 1B), 553200 ifd 3% 1R kL
B, BIARMEMEG, MR ERERS
K B ik 3 MIC (& 1C)IF, KR4 Mg A
EARREDZEA, DRSS, 540
EAZ ™, 4 MFC BRI TE S (- 1D),

PR TH A R R . BRiE LS, TBEO XfRifk
SR ORI FE S5 A v B E T
2.4 TBEO X B 2%k & 40k 5E fn ¢ fa iR
SEEMH R0
24.1 TBEO ¥H &I EMANEE TEERIR M
e 1l R il (AKCP) £ 7 T L T 40 L B 5 4
MR Z (8], 20 241 e R 3 35 P 3 R sl 51, AKP
Mg EMash . Ft, MAh AKP EilZE, FHZH
MOBERE AR B, anlE 2 R, SXFRRAIE
., TBEO ALHS M) A S BRR IS AKP 55
LE T2 [XT 4, H TBEO MIC 44t AKP
SEWEET 12MIC 4., RIBLERENH, ERF
WAL EEERE 1 h 5, 1/2MIC, MIC 414
OSBRI AKP & R ETE, RSB S
WK, fE8 higaT PRSI REERE, &MU
P €8 K P 200 LR AE S ) (] P 2 fish TBEO 5 4%
{7878
2.4.2 TBEO #HE&IWREMARTE 4RI
PLY 3 Hrh, PLAEN—Hf DNA 2GR
23 A DNA BUE R AL A5, EARRIE S
S 5 R 1) A RRLFEE ,  HRE R A 52 400 4H A ol 4 i
WL, TR I AT A 00 4 i B e Rk
AR L PTG o AT SR A5 A&l 3 Fios .
F SR AE 1/2MIC ¥ B Aok Il b B R (&
3B), #B44H A AZ 451 B s 21 Ak .
Bl ARSI B R, 2 and e 2, il

F*2 IHMAEBREBHEFREREIR®SIE(Candidaalbicans) ATCC 10231 #l & B B2 & MIC/MFC

Table 2 Inhibition zone diameters and MIC/MFC of 5 thyme essential oils and fluconazole against Candida
albicans ATCC 10231

Samples Diameters of inhibitory zone (mm) MIC (uL/mL) MEFC (uL/mL)
Fluconazole / >100.0 >100.0

Organic T. vulgaris CT borneol 36.0+4.8 0.4 1.0

Organic T. vulgaris CT linalool 24.7£2.2 0.4 1.0

T. vulgaris CT linalool 12.7£2.0 0.6 1.0

T. vulgaris CT carvacrol / / /

T. vulgaris CT thymol / / /

IFR NG I E BA2/NT 7 mm

/ indicates that the diameter of the inhibitory zone of the essential oil is less than 7 mm.
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%3 TBEO A REE
Table 3 Compositions and contents of TBEO

Compositions RT (min) RI Content (%)
a-pinene 6.82 1028 3.92
Camphene 7.55 1071 8.97
B-pinene 8.24 1112 1.09
p-myrcene 9.32 1161 0.25
a-terpinene 9.70 1180 0.49
Limonene 10.13 1200 1.36
Eucalyptol 10.33 1213 1.29
y-terpinene 11.18 1246 1.17
p-cymene 11.82 1272 3.47
Terpinolene 12.12 1283 0.27
a-cubebene 18.06 1463 0.25
a-copaene 18.91 1492 0.26
Camphor 19.04 1518 1.73
Linalool 19.76 1547 5.19
Bornyl acetate 20.71 1581 3.67
Bornyl formate 20.85 1588 0.84
Methyl thymyl ether 21.14 1590 1.29
Caryophyllene 21.39 1595 7.70
Terpinen-4-ol 21.55 1 602 3.61
Pinocarveol 23.01 1 654 0.23
y-muurolene 24.03 1692 0.52
a-terpineol 24.40 1697 43.43
Caryophyllene oxide 31.31 1989 0.39
Thymol 35.04 2189 3.40
Carvacrol 35.63 2236 5.81
Total amount 99.36

W E IR B MFC B 21 58 s B0 BRI . {045
RRHT, ORI RS I, A0 2 45 Y B
FIE R Z 8 i, TBEO A RE4x i@ 1 i I 41
I HEE P 7 P A A T 1 R R TR 1

Y0 M B2 8 N R - A IS A B AL 5 40
F B R, R E T TBEO Ab¥l)s
i) C. albicans ATCC 10231 % Hi SR 1754k,
MWK 4 mES, EMAKMAE 2-24 h,
12MIC . MIC 41 4if i J5 38 38 % 53 5l B+ =
68.08%7%1 80.77%, BiEHKBiER IR

HSFXHRZH . fEM A TBEO JaRIBERTEIN, H
SR ANIBRNS R R K, %8 TBEO
X} T C. albicans ATCC 10231 (4 AL I 7] B il

T B R 200 6 P 200 PR RS 1138 75 MR S

S pm

5 um

1 [E iRk E TBEO *fH & &%k & (Candida
alblcans) ATCC 10231 Fe7S MR B iR E

Figure 1 SEM photography of the effect of
different concentrations of TBEO on the
morphology of Candida albicans ATCC 10231. A:
Control (0 pL/mL). B: 1/2MIC (0.2 pL/mL). C:
MIC (0.4 pL/mL). D: MFC (1.0 pL/mL).

=)

g —=— Control

S 1.6 - - 12MIC

~ —A— MIC )i
g 14 f 1
S

2

)

£ 12 ) l s
< v.4

5 I I I
= 04 L‘[’*)’! = t
©

g 00 1 1 1 1 1 1
§ 0 5 10 15 20 25
M= Time (h)

B 2 AREKRE TBEO *H & &IkHE (Candida
albicans) ATCC 10231 ff15h AKP & = R0
Figure 2 Effects of different concentrations of
TBEO on the extracellular AKP content of Candida
albicans ATCC 10231.
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Control (0 pL/mL) 1/2MIC (0.2 pL/mL)

200 pm 200 pm
—— —

MIC (0.4 pL/mL) MFC (1.0 pL/mL)

200 pm

3 FERE TBEO X H&:&¥FE(Candidaalbicans)
ATCC 10231 fHAEARSTE SR M0AY PI R &R RHE
Figure 3 PI fluorescence microscope photography
of different concentrations of TBEO on cell
membrane integrity of Candida albicans ATCC
10231. A: Control (0 uL/mL). B: 1/2MIC (0.2 uL/mL).
C: MIC (0.4 pL/mL). D: MFC (1.0 pL/mL).

—=— Control

S 80+ —e1/2MIC

= —4— MIC
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3
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S of
1 1 1 1 1 1
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Time (h)

E 4 A [ERE TBEO X[ f 2% H (Candida
albicans) ATCC 10231 RS E RSN

Figure 4 Effects of different concentrations of
TBEO essential oil on cell permeability of Candida
albicans ATCC 10231.

2.5 TBEO X B & &EKEEWIRM K I
#HR

TE A ESREAYBIE R 4. 8. 24 F
48 h J5 A TBEO, 7 96 fLitthi%: 6 h, K
FRZE TR 5 BTk D 11 (8 BR A A W IS 4 TR %,

i, RmE S . S5xFEAME, EAFE
i A B 22 2 BEARS AL BRS e &AE WI B B
BT 40%-80%, 1L HARG I AT A S0 A
BRI BIE . T HAE 5 ] LR
o, A TR B B R, R Tl A RS JE]
F R A
2.6 TBEO X B SKEELFE LRI ImEE R
P (0 S TR P 22 1 TR 5% T 25 74 0 B ) 4
SRR, HEH 22 BAT X8 3 o 0 f B B R A
ZRE 1. MU WS 4N [ v K T A B S
H SRR ZIE A, W5 TBEO X H &
SERF W 2k, R R e 6 fr
IR o ATV AL BE A X R AL (K] 6A)ERE T 2
Jo, RIS K 22 HEE R A . 5X)
FRAMEL, R E R 3 Mledl, A
() B 22 B0 I s/, MFC R JE 4 (E 6D)H
JLFICH 2B iR 45 REKW, TBEO #E
i 10 1) 1 € R T P 22 P TR L 0 o 4 B A
THR B 1) 3G T A

oD 590
(=]
(=)}

T

0.4

b 00 I
e e
==

1he

0.2 F

OO 1 1 1 1 1 1 1 N
-0.5 00 05 1.0 15 20 25 30 35

Concentration of TBEO (uL/mL)

B 5 A REMKE TBEO 3fHf &%k & (Candida
albicans) ATCC 10231 =¥ R4 ¥ E B0

Figure 5  Effects of different concentrations of
TBEO on biofilm formation of Candida albicans
ATCC 10231.
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2.7 TBEO B SHREFMERRZIMER

8 BFE A E L 1 R T AR R T
IR S S B || B S R
R AR S A 2 2R A AT AR T 2 K T Ak
P B0 B AR, s R 7 B .
55 R IIOKS I AL B AG XF FRZH AR EE A [ e E
KA H S, R ECE B2 (P<0.05),

6 A [RkE TBEO ¥ H & &¥kE (Candida
albicans) ATCC 10231 & 22 72 5 B 52

Figure 6 Effects of different concentrations of
TBEO on hyphae formation of Candida albicans ATCC
10231. A: Control (0 uL/mL). B: 1/2MIC (0.2 pL/mL).
C: MIC (0.4 pL/mL). D: MFC (1.0 uL/mL).

07t

0.6 - /

02 4
*
0.0 |
Control  1/2MIC MIC MFC
7 ARAE TBEO ¥ H & &¥kE (Candida
albicans) ATCC 10231 Zh M 4 B B 82

Figure 7 Effect of different concentrations of TBEO on
adhesion of Candida albicansATCC 10231. *: P<0.05.

MRV BE IK B MFC B LT JCEEMT . H e 4h
TAED, SR B 26 VR FH RE A% ks il i o
i B bk vy, B0 A A
2.8 TBEO B &R E/KEEER RIS gE
ARG R 1 Ay 1€ A R T A — 2K e it ] K
fifE SN, XS s EARZE, RS Ed
SIS 338 e I A A 2 A A R AL
SR RKARRE IR R, IRIZE R K 8 F
Ne BR 12MIC AbFEALSN, AR PRALY) PZ
R 35 12 25 5 T BRZH (P<0.05) it 4 i VA 3
K, PZAEIGK, MFC ¥RE4] PZ {E#:E 1, #ER
LT JoiG . R4 R TBEO 1A (%MK
SR R IR IS 1, W AR WG 1 R Ak
JERER MR N
2.9 TBEO ¥ H&STkEHEXERRIEER
HWP1. ALSA Fil PLBL7E [ {2 /& 2k o A M s
TG N R b & G AR, Fsil 3 FPILA
()26 1K AT LA 8 il AR A T A, IR 3 e Ak
PR FROR . AR IR 25 S ER] TBEO 5
XA SR AR AS BB ABE G S
RIAE o AR 6 3 i SR 98 2 i PCR
ek — AR5 HWPL, ALSA Fi1 PLB1 k7K
-, RIELE R 9 R, FE 9OA FIAL,

*

1.0 - T
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o

N
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0.0

Control 1/2MIC MIC MFC
8 A[REKXE TBEO X H & &%k & (Candida
albicans) ATCC 10231 #A5EE 5 i B B2 IR
Figure 8 Effect of different concentrations of
TBEO on phospholipase secretion of Candida
albicans ATCC 10231. *: P<0.05.
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Control 12MIC MIC  MFC

Control 12MIC MIC  MFC

9 A [EiKE TBEO * B & &¥k & (Candida albicans) ATCC 10231 {8 X E F Bt RiE = HIE M
Figure 9 Effects of different concentrations of TBEO on the relative expression of genes in Candida albicans

ATCC 10231. *: P<0.05.
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