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Inhibitory Effect and Mechanism of Lactiplantibacillus plantarum HB13-2 on Candida albicans
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Abstract: This study explored the inhibitory effect and mechanism of the culture supernatant of Lactiplantibacillus
plantarum HB13-2 on Candida albicans. The minimum inhibitory concentration was determined by the double dilution
method. Then, the fluorescent dye calcofluor white (CFW) was used to stain the cell wall and observe it. The results showed
that the supernatant enhanced the fluorescence intensity and damaged the cell wall. Flow cytometry and fluorescence
microscopy showed that the supernatant changed the membrane permeability of C. albicans. The transmembrane potential
was detected using the fluorescent probe DiSC5(5), and it was found that the fluorescence intensity was enhanced,
indicating that the supernatant caused dissipation of the transmembrane potential. Through microstructural observation by
scanning electron microscopy (SEM), it was found that the supernatant of Lactobacillus plantarum HB13-2 caused cellular
deformation and leakage of intracellular contents. As detected by fluorescence staining with 2’,7’-dichlorodihydrofluorescin
diacetate (DCFH-DA) and Rhodamine-123, the supernatant resulted in accumulation of a large amount of intracellular reactive
oxygen species (ROS) and increased mitochondrial membrane potential. In conclusion, the supernatant of L. plantarum HB13-2
can deform cells by destroying the cell wall and membrane and lead to mitochondrial damage, thereby inhibiting C. albicans. This
study will provide a scientific basis for the development of L. plantarum HB13-2 as an oral probiotic.
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7 36 HH 0055 11 i 350 B EL AR R A A R LA B
HB13-2, WFFHRN AR 2B R AR BE . AR, 85
JEH A O LS. W% (reactive oxygen species,
ROS) FER DL S 2R pi A s B A7 7 TR R0, 9 BT A 4 FLAT
WHB13-2 EiHE BN BRI AR L, &£ EDTL
FFHRHB 13-24F Ry I 26 28 o T A S LR 2Rk 3

1 MEST%

1.1 ARG

EYFAFEHB3-27r B BR K AR, ARLi?
BEE ATCC10231 B AL BHEOR A B i AR EOR 5 %2 42 5
0% 2 ARG o

TKOEE. KB LRRIKER. AR RE
KRR A A ; Hepes  ALEBHEAEME AT R
/vF]; Nigericiny Valinomycin, DiSCy(5). %' J-123.
2,7 - & AR LR KE (27,7 -dichlorodihydrofiuo
rescein diacetate, DCFH-DA) . ¢ [ (calcofluor
white, CFW) ZJt4erl  EESigmana]; itk pyng

(propidium iodine, PI) . SYTO-9  3[EThermo Fisher
A F],
12 XS5k

YXQ-LS-5SIAZKVTKIEH  EHEEIRA R A F

18K AR Ol fEESigmaAF]; ZSD-A11601H
BIEFRAE REEWA P IEHIE AR BXS3WK LR
e HARBEMESbRS4; F-7000-FL 220%¢ 564 )6
JEEETE. S-4800- 1% EE  HAHILAF; AccuriCé
Plusit sR4HAE1X  S5[EBecton Dickinson/A#]; Alpha 2-4
L Dplus?? % T/#HL  #EECHRISTA A .

1.3 J5ik

1.3.1  FEYFLFT EHB13-2_ 35 W ] %

WHEY AT FHB13-280 TMRSWZ H 137 ClE
3G FR48 he NG, HBHEMS 000 r/min 5015 min, LA
R AATE S FER S5 BUH BiERETE—40 CH
W12 WG B T AT N30 h, BET 5 s w147
TE—40 C, SLIGHHT AT Fi RS [R) o & B ) &6 s T
£20.22 umJG R JEIL JEAL IR .

1.3.2 &/ MEKE (minimum inhibitory
concentration, MIC) [¥JillE

K A R B DU R R ) FUAT B HB 13-20) ({42 %
FEHE RIMIC. BAEY ST T HB 13-2 135 0% T 1 1] 1 R
HIRFEH640 mg/mLI BIEW, ER L EEEER FH YPD I
I H10° CFU/mL. 7£96 FLA 56100 uL YPD,
TR 5T B IR N400 mg/mLIE Y ALAT B HB13-2 i
TN AL, WRATIR AT 5 HL100 nLin AN 2524 FL,
WIRER, RASLEHALFTEIREL00~5 mg/mL. L
200 pL YPDYE A B PEXT IR AL, DL AfR 22 1 BE 3 5 YPD
%100 pLAE NS X IRAL . JRN3T CREFEFE24 hf e
FEIEMEE, DA P S5 AR 1R 759K B2 A S MIIC
1.3.3 W [E]-40V B ith e (il s

W B 22 B BE R VS AL 5 7R e BOH, R R R
N10° CFU/mL, e il AN [ 5 & FE I A 2L B 5T
5B RS MAIRS, 4R ERE S A N1/2 MIC,
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TR, 25 B 1) -0 28
1.3.4  ZHHAESERPE R 2

FIKOHAICFW 4 0 48 W & 375 ¥ xF (1 fi 22 % &)
AN B R R e R BT BIRE N
10°CFU/mL, F£7£37 CHLFEIRE A1/2 MIC, MIC,
2 MIC. 4 MICHHFAT B EIE W E6 h. 8 000 r/min
010 minfg 3 FIEW, FH0.85% 4 35 #h /K i Bt B 1k
3G, KHEAE HREERIE A, H10% KOHA
0.1% CFWIHR G, HM TR ngs, w8 E
R A HR A v 22/ 13 AN BEALALES L5
135 AR S B 1l e

KPS YTO-9 4% (875 43 Mt 1141 22 1% B b 40 Fi s 52
RN, W R E B KA IR L B R FH0.85%
AR K E R B3 R, EENIKE10°CFU/mLITH#
RV, K P AR R R KCTC ) A R TR A B AR A LA R
FEBRESEBEREARBRS, # LERAREIREN
1/2MIC. MIC. 2MIC. 4 MIC, K&t EFEBALFE K H
AR RIPEXT R, FH 70% S TR 2 35 9 A 8 R ot P A B 12
XTHE, IFAE3T CIHIRIEFRAEWI H 6 he BSO 5 A4,
TEVE3 LA bR BIEW, BEEIEAEE K, 7ERBRE &M
T H2 umol/L SYTO-9F112 umol/L P14 €415 min. H{KIH
o3 UREr, HEEJEHYOLBMEBTNEE, IR g
IrHT
1.3.6 20 RS i 6 e 34 (1) 0 2

K FDISC4(5) 7% 82 B 1A 41 A58 1% i e S5 AR 4617,
B 7% A U K I R 22 % B B A 10 mmol/L A
B HepesZE th il (5 mmol/L) HEEFEW3 Kk, HE
IR 10° CFU/mLIF B =20, 17 B H I A DiSCy(5)
FLAWE N pmol/L, 37 ‘C#E YT H 30 min, JIALHK
%100 mmol/L KCUA W - 7 bb e LA fip N S5 R B B =
A [) Jo 2 R P T 70, A 0 B 7R 8 B R P
1/2 MIC. MIC. 2MIC. 4 MIC, LL0.85%:FEh/KIES
FXF . BAValinomycinfE N A X IE, PANigericinfE N
PR XSIE (ZR9K 5 mmol/L) , LAHepesZ Ml o4 ARt
HREH, FH 98640 6 FE v AT I (R 4, W 5 2 ot 5
A4k CBEUR K650 nm, K ESTEK672 nm) .
1.3.7  HEARHEESH

WX EON I AR a2 B BE R, 1B TE. HE, AR
WFEN10° CFU/mL, 44 25 AR b Bl 5 AN [ i Bk FE A
VLA BISHOR S VEF6 he BS0, 0.1 mol/LBERE 2E
ZZF (phosphate buffered saline, PBS) JEGH ),
124 CR AR 82.5% % — B 2t . 2, B
m#0.1 mol/L PBSTHEWERR £ LW, A5 H LB (30%.
50%. 70%-~ 85%- 90%-. 100%) HEATIZHELEEMIAK, &

K15 min, ToK EERLK2 IR I5fia F QR SR e £ B B 4
2%, BRR20min, TR IEE I T AL
1.3.8 4 NROSHIMI E

DCFH-DA M T I & 115 22 B% BF b4 5 40 il W ROS
AU e R R F RO 0 R L B2 BE 0.1 mol/L
PBSIE VL3 &k, HEEAPBSH I E B MK E T A
10° CFU/mL, {4 AHY) AT B 35 5 o B S R B
A, &R RIRE )8 1/2 MIC. MIC. 2 MICLA X
4 MIC, UIAIN EERA A4, F37 CHEHE6h. A
J5, FIPBSTHVEAHAU3 AR & FiEW, M HESIEL mL
FIPBSH, HIIADCFH-DAf§ 2510 pmol/L, i
JE9 E 30 min. FXHPBSIEVEIREN3 K, LAPBSNZ [
Xof B2 -l I 9 e FE T e s ORI
488 nm, AKHTHKS520 nm)
1.3.9  ZRRifR LA

K F % FF 1235 5 B A 28 R4 55 R 467 R AR 461
P 55 77 2 O 0 AR 22 1% BE R 0.1 mol/L PBSIE ¥k
3K, EEAEPBSHIIENG B BRI N 10° CFU/mL,
FHPBSHECHI M) AT B LiE 5 W B S AR G,
AR E 4 M9 1/2 MIC. MIC. 2 MICEL )24 MIC,
DA LB AR, +37 CHEHE6h, FAPBSIELL
WA AR & IS, MNP FFIE-123, 137 Clbgeta
30 min. FGEVEIRE3 Ik, DAPBS 7S FUA A, il
P E T 2 e et (UK I K486 nm, K 4T
WK525 nm) .
1.4 HdEabsn

Fir A i ¥4 8 3 UL P35 {E . SR A Origin 9.0%K
38 Ik B[R 2R T 22 oy BT it S B 4 SR AT Ge ik o i AR
K, P<0.05, #RE%.

2 HRSHH

2.1 HEYIFLFTEHB13-25F AR 22 B R T A 00 T 9

MICTH DL S WA 0 FLAT B HB 13-2 1375 V0 205 R
22 W RE B B HE PR, W E 75 2 HEMIC{E 450 mg/mL.
B D AT - R e, DL SR E Y FAT
HB13-2 B U R 22 1 B R AR K A S 1R 0 ) 175400
WELFTR, S5EA MBI E EiE R a0 AL,
1/2 MIC. MIC. 2 MICAL S 15 {55 22 % BF 1 357 40 i /8
M, HEFREREKSM. 7£1/2 MICKEEA FAEY AL
WHB13-2 FIEWAELSE T AR 1 REw AR K8, MIC
AEFRAH A T PR LB R AR K EE, 7EAE24 h
Ja EBR 22 BB AL T AR KAFHDIRES, BB 50 hi th A
TRFFAAL, 2 MICALBRZHMIAEVE 2 hE s A, &
HATE MR S P T R AT B HB 13-2 1 IE WOkt 1 22 1%
BER 7R HBOEEH
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Fig. 1  Inhibitory curves of L. plantarum HB13-2 against C. albicans
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HER: Bz b i H ) A R Pg Te L2 94t Yo Bl CEW 4L 4 )5 %
REREHHCFW S L i 1 5k, I HH BL7E 4 M 53 9
WER, RPIMRE SRV, Bk, TEARPR P L
AR 5 W 5% ) e i R T Re 2 T LT AR &R
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HHE BRI 2R, X R 5 A4 o BE
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AR ; B. 172 MICAb#E; C. MICARFE;
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Fig.2  Effect of L. plantarum HB13-2 on the cell wall integrity of C. albicans
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SEREMERIRS . PIAS RSB I 76 % A 40 B 5 X DN A 47 G
o, H 22 200 P AR AR 453456 1T DA E N B Y ST DN A e £ 5 %
L E, TSYTO-9fHE %3 i 41 i It DNAHEAT e (1
R GG, TR A R kAT UL JE T BB
MEFE ARG SO0, B, Ba, a6, 6%
S5 B AR U] 22 B A A A RS 2 4B . B3 FTOR,
R L 355 VA TR S Y 4 M BN 4% € 3 W) T A 0 i 5
AR, 172 MICAHEE A B AR L gkt 32, A HE
PR BT, 3R WIAE LR B A EE R 6 R A R 42
% 5 7 24 L PSS 453025 A8 K s MILC A 6 26 /0 30 4 1 4 28 B0
e G REREES ;2 MICALFR A v 5 1002 €0 1) T A B 4
I, AR R IR, 4 MIC AL PR 441 (0 %% S R B B 15
BAN, B LA € 3 B B R4 A A P

i3 R FUAT B 13-2 3 iR 11 11 22 9% RJ: 0 058 5 e 2k 1 2 Wi
Fig.3  Effect of the culture supernatant of L. plantarum HB13-2 on the

cell membrane integrity of C. albicans
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Fig. 4  Flow cytometry analysis of the effect of the culture supernatant of

L. plantarum HB13-2 on the cell membrane integrity of C. albicans
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A Ik 7 3 o ol FEE AR T E 7 e B P M 1) BT 44
Ji B A KSR WIS BTN, RS b VAL EE 40 i e
YR E N28.97, ZNigericinAbH i 1 B 14 X6t HE 20 2¢ Y o
¥ °526.325, TM%1/2 MIC. MIC. 2 MIC. 4 MICAb ¥
S PRI f 28 5% S FE 43 A 154,57 66.12 86.305+
100.48, B LSRR LRI, DiSCy(5)% Hut %
Wk, SRR BRI . 4P Ak SRR AR R
555 RSB R AR T, BT R S 8 A |
4 T R T A0 BB 1) 2 A T BT R R, M R
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Fig.5  Effect of L. plantarum HB13-2 on the transmembrane

potential of C. albicans
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WIE6HT AN, ARG LI WAL B 1) 18 22 1 B 1 B AR 5
L MWE. gaE, HARTORNE 2EOKR, A F R
IR YA EHB13-2 LG ALEE6 hfg AR 22 B2 BE s
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RER B AR R AR RORRE,  JF RSB43 A PR R T
MR, FEAEA I AR LR N A . 42 MIC
WIS, R RER TR R R 440, ™ E VG I
AR, KRR 1) PN 2542055 Vs AR 1D 240 L D A R
B, IR B EIG
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&R
Fig. 6  Effect of L. plantarum HB13-2 on the morphological structure of
C. albicans observed by SEM
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Fig.7  Effect of L. plantarum HB13-2 on intracellular ROS levels in C. albicans
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