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Determination of quorum sensing molecules in Candida albicans by ultra-high performance liquid
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[ Abstract ] Objective To establish a convenient, reliable and sensitive ultra-high performance liquid
chromatography-tandem mass spectrometry (UHPLC-MS/MS) method for detecting the content of 3 kinds of quorum sensing
molecules (farnesol, tyrosol, and 3-indoleethanol) secreted by Candida albicans. Methods With carbamazepine as the
internal standard, the samples were extracted with ethyl acetate and separated by gradient elution on Agilent Poroshell 120
EC-Cg column (3.0 mm X 100 mm, 2.7 pm) using Agilent 6470 triple quadrupole tandem mass spectrometry in positive ion
monitoring mode. The mobile phase A was 0.1% formic acid in water, and the mobile phase B was acetonitrile. The elution
gradient was 0-3 min 20%-40% B, 3-4 min 40%-80% B, and 4-8 min 80% B; flow rate was 0.5 mL/min; injection volume was
5 uL; column temperature was 25 ‘C; the analysis period of each sample was 8 min; and the equilibrium time was 2 min. The
mass spectrometry was performed using electrospray ionization source and positive ion multiple reaction monitoring mode.
Results Farnesol, tyrosol and 3-indoleethanol had good specificity and linear relationship (all #>0.999), and had good
precisions and accuracy (intra- and inter-day precisions were <<5% and absolute values of accuracy were <<10%). The average
recovery rate was 90%-115%. The stability under 3 conditions (4 h at room temperature, 24 h at 4 ‘C with autosampler, and 3
freeze-thaw cycles) met the requirements of the methodology. In the planktonic samples, the contents of the 3 kinds of quorum
sensing molecules were increased with the growth of the strains. However, in the biofilm samples, the contents of farnesol
and tyrosol were decreased at the mature stage of the biofilm. Conclusion This UHPLC-MS/MS method can be used to
determine the contents of farnesol, tyrosol and 3-indoleethanol secreted by Candida albicans, and it provides a reference for
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rapid and accurate detection of quorum sensing molecules in fungi.

[ Key words | ultra-high performance liquid chromatography-tandem mass spectrometry; Candida albicans; quorum

sensing molecules; farnesol; tyrosol; 3-indoleethanol

M2 E ( Candida albicans ) & —FhH UL
FFBURT, ARG IEVIIE B B A Y7 1)
B WP R SRR —E 25 1F N alE Y
BN, A HTE 25 PR NSO T R, S BUR YRS v
EABETRIGIN ) L R W BRI 1
G 3 A SCHEL IR FiME (0~3h) | BB
220 (3~6 h) M/EWHE (24~48h) ,
X3RS L AFAEE RIS Y . BHAK
IO 2 U P TR o BRI — 2R A5 S, B
RN 43 F (quorum sensing molecule, QSM ) ,
IR BE Sk, A 0 T A 2 R4 B
LU PAT R, DT SE I ] B ) — b {5 5 58 0
B o QSM S5 A= Wy e B I BB R 3R 22—
TE FIASZRA 1 L I QSM 12 Je B ELA% A= W AR %
BT — R, el HEIR Y
BN A A AR ], Gl o 2 R T Y
Wil JEE RH D PR ) R 38, e ) 1 B o T B AH
[ B 22 MR8 ke I — o ELAT T 2
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T A B i TR L IR 3- MW 2 TR
RGN0 368 H FHVROAR € SOORH 431 — IR 7 12,
X5 T R A 1 73 7 A 113X 6 5 1k HR AR S 0 AR I
BT ARBRST S T IR I e R
3- M| W 2 T (14 5 8O AR (0 1% — SR K B3 (ultra-
high performance liquid chromatography-tandem mass
spectrometry, UHPLC-MS/MS ) J#&&, ] H &
FI R B A KA B B QSM I 75 12 A QSM ¥k
JE 5 FUS BRI AN R B B A KB SR . R
UHPLC-MS/MS #1ll QSM $& /&5 1T J7 1 1t 3 i Fh 4%
AR 15 R R A v R A
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1.1 BLE  Agilent 1290 Infinity %I & R4 AH (453
A48, Agilent 6470 %1 = 5 UM AT B BG4, i
A Agilent B 5 i LI 25 25 15, i F MassHunter
AT RGP BB P ( S5 Agilent 247 )

FRESCO ¥ % % 5 2055 0 AL ( 5% [ ThermoFisher
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7% 7 ) 5 METTLER AE 240 % #1 7 K 3% (F +
Mettler-Toledo 23 ) ) 5 fill &Y it fig iR & A (€
ThermoFisher 23 /] ) ; HZQ-F160 1 i §% 3% 4% 77 44
(VLHKREHELERSAT ) ;5 SW-CT-IF R 5k
TAES (TINERESEARGIRAH) .
12 #HeebXA RJEEE, BEEL. 3- M|k LR
HEsh (L Sigma A H]) , REPEFE (NbR, KiE
KCEMEARGRAT ) , LG, FEEFH IR
tggal (78E Merck A H] )
13 EsbERA  FUEEREARIER SC5314 (H
Fii 1 9% 5& K % B} J& = B¢ Dominique Sanglard #( 4%
=) o v ICE A BEBUIE (Sabouraud’s dextrose
agar, SDA) Higpdk. ROHEMAM 10 g, IMA=2%
7K 900 mL #iE FEIR 21, SRS BIA D- 4 % B 40 g 1
PR, P =Z0KEZRZE 1 000 mL, WP
INATERE 18 g, MK, 4 CHRAF. BEEHE T
Jifk % % M (yeast extract peptone dextrose, YPD )
R FRIE. WE IR 10 g, HHMR 20 g, #I%

77, RPMI 1640 55 7% 3. RPMI 1640 K7 3% 55 K3
K10 g, NSHEMKPIRSRER 34.5 g, BRIRE4N 2.0 g, I
A=787K 900 mL %, SRJE A BN E IR T I

022 pm TFLIERT JERR B S T 4 CLRAF .

1.4 »>Hr&h

141 FAEEE @ik N Agilent Poroshell 120
EC-Cye 43 4% (3.0 mmX 100 mm, 2.7 pm) . ¢
FHAS B BEE, FREhAH 9 0.1% R KIS (A) Fi
ZNE (B) 5 PEBLERE N 0~3 min 20%~40% B,
3~4 min 40%~80% B. 4~8 min 80% B, ik K
0.5 mL/min, #FEEA 5L, FEHR 25 C,

142 it SRHAHEBIZEE R, EEF2R00N
Il ( multiple reaction monitoring, MRM ) #%5{, &S
VERFASA TS SalR S RS S, KR
0.1 MPa; Z54k#sE 1R 40 psi (1 psi=6894.8 Pa) ,
TESIREER 350 'C, THREAIHE N 11 L/min; &
AN 4KV, SRS HOLE 1.
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Tab 1 Mass spectrum parameters of farnesol, tyrosol, 3-indoleethanol and internal standard
Analyte Precursor ion (m/z) Product ion (m/z) Fragmentor/V Collision energy/eV
Internal standard (carbamazepine) 237.0 194.0 100 20
Farnesol 205.2 121.1 100 13
3-indoleethanol 144.1 117.0 140 21
Tyrosol 121.1 77.0 120 25

m/z: Mass-to-charge ratio.
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151 B &mER KEWBGEEEE. 3-m s
B FRIEE A (29100 mg) , 29 E T 10 mL
D, FH 80% H My fife, il A5 0T i Mk B 24 Oy
1.0 mg/mL (1) %} BE Qi fiff 48 W DU JR A 8 VRIS
i, FH 80% HBEA AR, UL 3- MWL, i
JEAEREE A 0.5, 1, 2, 5, 10, 20, 50, 100 pg/mL
K e Bk E b 02, 04, 1. 2, 4, 10,

20, 40 pg/mL A RFNR G X IREAW, & T 4 CIK
FEIRAE . &

152 WA AR HEPRICR DI AR i 2
10.0 mg, % 10 mL 25, W BER i, i
SRR E A 1.0 mg/mL Y N ARG AT

1.53 ARt BB R R A R B [ RPMI
1640 35 55 3£ 950 pL, K% A 1.5.1 5 & 19 &
HIIR A RS 50 pL, JRBEIRAS, Bk 3- Ml
M EREEFRE R EE R 25, 50, 100, 250, 500,

1000, 2500, 5000 ng/mL M ¥ J& B 5 £ e & hy
10, 20, 50, 100, 200, 500, 1000, 2 000 ng/mL
() R FNWAREXT B, TR EC IR ( 3- m3lWE 2

i P S e v B ok 50 ng/mL, A 20 ng/mL ) |

o (3- Mgk 2B, BRI BT R R 500 ng/mL, ik
JeEH 200 ng/mL) | = (3- M| B i O A
B2 2 500 ng/mL, ¥EJEREHR 1000 ng/mL) 3
W EE Y BT e Al A H

1.6 Fonihl &

161 BAAKWHER K-8 CREMHAD
TR TR bR fE bR SC5314 &2 5, 2 P 2] SDA & {4 85
FREE, 37 CHiF% 24 ho HUPA 50 B 18 R 7 YPD B
JI & A4 1% 3% 2 vh 200 t/min 30 ‘C 1535 16 h, 53]
SRR KW S WO AR G FR e by di s, HET
RPMI 1640 35 37 3L w1, 22 IS 50 75 22 il 4% 1 2% )
S 1X10°/mL BB B ALRE S mL PR
BT 25 om® B SMEER TR, 37 CHrE IR
3 h, F PBS RN BER R Mk 2 I, AT

RPMI 1640 5573 PRI AVEE B T 50 mL K —
ke, 2 MBS EMRANE T 37 'C. 20 r/min
BFRAEIE, 0T 3. 6. 12, 24, 48 h iUkE
W, RRANATE 3 4

1.62 M HATAE K LIRSS E 10 mL &
DA™, 2780Xg B0 5 min, B LWEWR 1 mL,
A 3 mL 4R Lg% U, AW T M 1mL
80% HIEE (& 20 ng/mL AR ) E#, € 1 min,
11 000 X g /& 3 25 0> 3 min, M F 3% W 5 uL 47
UHPLC-MS/MS 434t .

2 # R

2.1 FEFRIE

211 EFEM 0l F RPMI 1640 R55R3E .
PR (3- W2, RIS R B R 500 ng/mL,
SR BT R e O 200 ng/mL ) FIEGSE 12 h IR
RURE LIS &, 4% 1.6.2 T FE AT BT R AR, 4%
L4 15 W0AH €815 BT 1% SR R AR B, A4S (s 1A
(F1) . RER, 25 ABHREIEPRS AT
Fr AT bR R, & RME R AT

212 AREB&EEER  B1.53 HI S A AR
XTHRVS W, 4% 1.6.2 T HE ShET A By A ERAE, HEAE
SAHTIFIC AR DARR v B R AR AR (x ) |
R 5 N ARG R EL A AR AR (y) SEATERE
M. PSR F > 10 3 & B R BEAT 204,
SRR 2 R, IRJEEE, BREE. 3- Wbk O EELL P
KRR

213 BEEMEHE 153 THIEM. P
= 3 AR B R BT RS, R B TERAE 5 1,
Fi2 1.6.2 TIREShRUALFE )T 454, AR 34
W R i A S 0y, MERESYHT, 823 d, TIHAH
WA . H RS M e . 2536 3, ik
JemsE ., BRI, 3- WS|ME L BERY H PR . H RS 25
JE TR BE 35 R Ao
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Fig1 Typical chromatograms of liquid chromatography-tandem mass spectrometry

A: Blank matrix; B: Blank matrix combined with standard samples; C: Actual samples. IS: Internal standard (carbamazepine)

(237.0>>194.0); 1: Farnesol (205.2>>121.1); 2: 3-indoleethanol (144.1>>117.0); 3: Tyrosol (121.1>>77.0 ).
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Tab 2 Calibration curve and limit of quantification results of tyrosol, 3-indoleethanol and farnesol

Analyte Regression equation r Linear range/(ng*mL ") Limit of quantification/(ng*mL ")
Tyrosol y=2.418 7x+0.069 2 0.999 9 25-5 000 4.0
3-indoleethanol y=3.476 3x+0.191 7 0.999 5 25-5 000 0.5
Farnesol y=2.080 4x+0.026 0 0.999 9 10-2 000 2.5
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Tab 3 Precision and accuracy results of tyrosol, 3-indoleethanol and farnesol
Analyte Concentraﬁi]on/ Intra-day n=>5 Inter-day n=15
(ngemL ) Precision/% Accuracy/% Precision/% Accuracy/%

Tyrosol 50 2.29 —2.82 3.54 —2.57
500 2.05 2.93 3.26 2.32
2500 0.64 1.48 3.57 —0.02
3-indoleethanol 50 2.20 —8.34 222 —8.25
500 1.87 3.41 1.15 2.51
2 500 1.17 1.04 2.04 2.35
Farnesol 20 1.49 3.56 0.46 —3.72
200 1.21 —0.43 3.78 —3.68
1 000 1.01 —0.01 3.72 —0.50

2.4 EMRFE A RPMI 1640 KiFRHE, 435IRC
A (3- P W 20 i 2 J5T o5 K B2 4 50 ng/mL,
JEEEH 20 ng/mL ) | Hr (3- W[ 2 o
YR A 500 ng/mL, JEEEA 200 ng/mL) |
(3- Mgl W £ Pt i I I+ VK B2 R 2 500 ng/mL,
EJEWE N 1000 ng/mL ) 3 A~ IR A % BE S
W, % 1.6.2 W ACEL, R BESEATIAE S 0,

T DGR AN SE 1Y RSD. 25 5 L3R 4, ARl
JEBJEBE, WS 3- 15|k £ BE A - 1 TR A
90%~115% JLFEIHN .

2,15 REME B SEIGHTEEEC ] AX I SR
PROEASI, 550 IR T 4 C R CE 30 d Ea
SEPE, 25 R ERG B X E Y <10%, BiiER
SEPERAF . SRISTERTERES Y 3 NREE T, 4055
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Tab 4 Recovery results of tyrosol, 3-indoleethanol

and farnesol

V445 B ARk A1 F0 N b 0 1 AR A B ARLA GBS HE it — — ">
SRR, HHAAIXHEE K RSD, 4 Analyie T Recovery%  RSDI%
(F5) FHEEMRL, Tyrosol 50 92.47 7.32
20 AESAE R LRI 1.6.2 SRS R L 500 97.17 3.34
: O A TG N RR T 1.0 AH 2500 97.32 5.77
IR, 14T @IERUREAEEGE, /L 3-indolecthanol 50 oL 599
o N — N 500 109.27 1.21
APRUHEMZE T BRI R A BAnb Sk i, 455 5 500 112.59 163
226 i, TETRIFAVEE S b, 3 Fh QSM i & & Farnesol 20 108.70 3.64
o N N ST N 200 104.92 5.46
P ﬁ%@?’f%ﬁﬂﬁ}ﬁgﬁ BB e B%{E%O RSD: Relative standard deviation.
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Tab 5 Stability results of tyrosol, 3-indoleethanol and farnesol
n=>5
Analvie Concentration/ Room temperature for 4 h 4 °C autosampler for 24 h 3 freeze-thaw cycles
Y (ng*mL ") RE/% RSD/% RE/% RSD/% RE/% RSD/%
Tyrosol 50 —2.69 6.26 —3.89 8.20 —1.49 3.07
500 —3.52 3.37 —5.31 3.79 —0.97 343
2500 —1.55 2.69 —6.49 3.08 —1.55 2.68
3-indoleethanol 50 —6.98 4.53 —6.79 8.58 —6.31 2.14
500 1.76 3.75 2.56 3.56 0.75 3.37
2500 0.98 1.58 1.61 2.10 0.98 1.58
Farnesol 20 —3.34 7.51 —3.14 8.49 —2.92 2.31
200 —2.62 2.90 —2.53 3.89 —2.31 1.55
1 000 —2.98 1.61 —2.95 2.10 —2.97 1.61

RE: Relative error; RSD: Relative standard deviation.
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Tab 6 Determination of tyrosol, 3-indoleethanol and farnesol in culture medium of Candida albicans

(ng * mL ™), n=3,x+s

Time/h Tyrosol 3-indoleethanol Farnesol

Biofilm Planktonic Biofilm Planktonic Biofilm Planktonic

3 126.5+4.0 152.0%2.1 205.8+4.0 230.2%5.6 189.0+8.2 172%+1.2

6 910.5440.0 192.9+£4.7 1715.6£162.3 534.1£234 387.1£15.8 16.7£1.3

12 1722.1£103.8 228.51+14.8 2287.6£69.2 665.8 1257 184.3£5.8 16.6£0.3

24 4567.84+396.9 300.5%£7.2 3638.5£193.0 1136.0£93.9 1007.2£32.5 22.6%0.7

48 3408.8+73.3 7373+£174 5169.4+158.9 2294.1+£634 176.6£11.6 72.6£2.6
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