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Abstract: Objective To study the inhibitory effect of secondary metabolites of Pseudomonas aeruginosa
(PA) on Candida albicans (CA) and to explore some of the mechanisms. Methods PA and CA strains were i-
solated from clinical specimens from the hospital. Then, PA strains with inhibitory effects on CA were
screened through cross-line test and co-incubation test,and crude extracts of PA secondary metabolites were
prepared,and were tested together with pyocyanin, phenazine-1-carboxylic acid, 1-hydroxyphenazine,and 3-ox-
ododecyl-I-homoserine lactone (3-oxo-HSL). The inhibitory effects of various PA secondary metabolites on
CA were determined through minimum inhibitory concentration test, minimum bactericidal concentration test,
time-sterilization curve measurement,and XTT method activity measurement test,and some mechanisms by
which PA secondary metabolites inhibited CA were explored. Results The strongest inhibitory effect on CA
was l-hydroxyphenazine, and at a concentration of 6. 250 pg/mL, the relative activity of CA decreased to
0.00%. Next were pyocyanin and PA crude extract,and the relative fungal activity of CA decreased to 0. 00%
at concentrations of 200 and 100 pg/mL. 1-hydroxyphenazine, pyocyanin,3-oxo-HSL and PA crude extract all
had inhibitory effects on the formation of CA hyphae. Reactive oxygen species (ROS) were generated in CA

cells treated with 1-hydroxyphenazine, phenazine 1-carboxylic acid, pyocyanin,and PA crude extract,and the
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highest levels of ROS were induced by pyocyanin and 1-hydroxyphenazine. Conclusion

Phenazine secondary

metabolites 1-hydroxyphenazine and pyocyanin have significant inhibitory effects on the growth and activity of

CA,and both induce the highest amount of ROS. The quorum-sensing signal molecule 3-oxo-HSL have no in-

hibitory effect on CA growth,but have a significant inhibitory effect on the formation of fungal hyphae.
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Figt 2 d, MR H L 1 X107 CFU/mL # &
W, (e 7€ 96 FLAk H A FL A 100 pl. RPMI
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CAD B, 4 T 4 000 2400 6 P 38 3 A 00 . 9 5 il PR 5 71
PMS I FH ] o 3 8 184 58 L 348 Ji f o, #1250 g 1 2 B
FE. PARMRE IR SN Jrik 5 1. 6.1 # MIC 52
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i CAT 20 M 75 B W A JC B 2 B R 4 B A
254, DLk B0 AS 5] (0 b B v B 5 PR R P A0 i AE
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PARE I =K E (1 g/mL)
& 2 XTT FEMENELWERERE
2.2.2  PA WA =W A ) A s TE] B0 A &gxR3 B iE)-3 B H & FE T E( X 10° CFU/mL)
M 1R AEwy A SR RN e A R AL PR R BN sy e 4h 8h 12h 16h 20h 24h
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Wy E-1-R R (pg/mL)
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100 16 46 101 55 17 25
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PA MY (pg/mL)
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w
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TR P AR O R G kT 2 1R SE Wy B PA CHLERY) .3-  PA RLIRWALRRAL, WK 5. Sk £ M 155wy 5
oxo-HSL, MyE-1-FRIRXT CAIEEE W AW R G S THZM ROS, 1 B 40 i 5 P . it
W27, 3-oxo-HSL X CA 4t JCH il 4E AR aE FEAE R MZmn XTT 3% M e v 1- 73 3wy 18 2t Jie 1 3%
TR 22 W 5% Ak Ok TR AR 10 1 F ok A B FEH 5 T W - 1- R R R PA KL A 4 A .
2.3 KW CA 40N ROS A RUIEN R E/R.25 4 MIC, MBC, i} 8] 2 5 g £ F1 XTT % M il %
pg/mL 1-FEHE Wy I Wy R-1-FR R SR IR TR R PA ML AR BB 45 R

—~ R 1 - FRER ——100 peg/m. 1-S2 R YIS ——100 yg/mL
350 50 ue/m g 350 50 we/nl
E 300 —=-25 pg/mL §300 =25 pg/m
S 250 o Pt S250 bt
2200 ™~ %200
X150 X150
100 £100
%50‘:V/~ B 50
0 i — —
A 0 4 8 12 16 20 24 5 0 12 16 20 24
Fif8] (h) FF18] (h)
- FIREE o100 wg/ml = 3-oxo-HSL +-100 pg/mL = PAFER =4 4100 pg/mL
<350 50 pg/m. E 700 50 pg/m 350 50 pg/mk
=300 e 25 pe/ml D600 =25 pg/ml S 300 25 pg/nl
& 250 " S 500 Eor:d 5250 A e
& 200 TR e ©200 —
X150 %300 X150
#100 200 100
% 50|, H . %100 B 50|
0 0" W o
0 4 8 12 16 2 24 0 4 8 12 16 20 24 0 4 8 12 16 20 24
¢ FiH18] (h) D B8] (h) E Fit 18] (h)

WA NN E-1-RRAL TS B N 1- IR AL T4, C &R kTR Z AL B4, D ol 3-oxo-HSL AL FHLL L, E 8 PA HUIRMALERL ; DL F 5 b B2y

W b Y X R 3 0 [ — 4
B3 EE-RE &

.
A

AN 1-BREM B, B W E-1- R MR FIZH ,C H 3-oxo-HSL AL ¥4 ,D 3 PA MR WAL . E NG MK E A F14H , F X R4,
& 4 PARERE=HH M TH CA FEME(X400)
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PA Fll CA #B 2 B B I R 2% % 1 8 UL B A, 0T 45
K PA B CA T 25 R BRECEE /Y 1 TH R I R VA T 1 —
Kkt . NEHERIEFGR. INEHER AHR A%
FAF L PUTE 25 W 1 B KR R T A W i AR T
PRI IH DAy 97 0T I DA Tk 245 T JR e o 2 B IR A M T 58 B A
PO AE I B i A o ik A AR = . AT PA A
AR ™ 4 AW 5E L AR UL DL PA Wy 1R 25
J5T | B2 T Bk B AR R TR R O R A R R B U
i e A KA R PA X T — s B
AHAMHIAE R B A, B Ao i A R L CA R R
W ARSI LR PA AR = P0xF T CA iy
il 280 T A0 1 B 5% O R 55 8B A A i AL I 3
Tt Sy Wy 18 288 ) o (4 Uk TR 3% L 100 0 oy 1R L Wy R 1R
%) .1 B8 QSM (3-oxo-HSL), %3 4h ik 5286 7 A il
PA LW 30 BRBCR .

EF L MIC 25 LB F 908  XTT kil &
PA AR = W5 m T CA I P F B -2 B8 ih £&
AN LB IN T PA IRAARH = W) S Wk TR R L 1 R %y
R AWy R - 1R R CA By 4E I B3l 5 B2 5
Ve B 5 OE AR G, 40 i 4R T d iR A 1Ry R L A
WPEN 6. 250 pg/mL W CA X IE PEFE 2 0. 00%,
f£ 200. 000 pg/mL B, CA AHXF{E AR 0. 00 %6 AT
REJR DR R v B2 T 1R AR oy R R A B Y €8 1 4R
T AMERME ., A XTT 24600 i 52 28 i i 4 i
FHJBE o 1% R o R 9 TR 522 4 B £, 200. 000 pg/mL 1Y
1-FR LWy VI 5 40 €6 i RMPT 1640 5 37 3R &
A2 B AR B, PA WA AR = Wk B [a]- % B
2k B S M 4 TP TE CA YR80 K 0 K =22 i, W R -1
R R 5 RH X B Ry Mk BE AT RE R I AR L AE MIC
W& S0pg/mL, 7R B [E-A Bl & a2 100, 000
pg/mL. F3AMMRE-1-FR R \1-F2 5L W R Fl PA RLIE Y
TEARH BE T (<08.125 pg/mL) HATHE 3R CA IR PEAL
o 1-FRILWyE SR R M 3-oxo-HSL #4281 H
AAE CA B 224 i ry VR T, 3 7T B 5 ARV B2 1) PA

c
TEA R 1R W R AL B ZH , B S Wy 8- 1R PR AL B2, C S SR MR AL B4, D o PA MLE Y AL 4L,
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