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B EAFTI DA AR N EZNEAE, KRERZANPARELAEMIATEH CCFM8724
REERTT 5 R A A8 ESRA R AWML, Y IATE LB T AR e Bk
. L8 &) RN ST E CCEMB724 K BERATH M ti45 e, M RRA LR Ea. [Fk] K
&8 E pH F B Z 337 B 4R 6980, KA A A8 &35 % (Gas Chromatography-Mass Spectrometry
GC-MS)B: A AR S AT FAT R 928 %, #t—F B HFIEF FIR, BEFFEMF 55
YL R B R T W R A AW IR R 4, FF R A R AR & - % (Liquid Chromatography-Mass
Spectrometry, LC-MS)HA# Ruti7%5 8. [4£R]) @iE % LR, KAANIATEH L BHR
MEREZFAREMARANBR (G RILE. LB, AL CBRATHERY), 23S RREZ F#TSH
RRIRIE, P A BN S EEAANEARKENSY . (4% ] M IAFE CCFM8724 X Bk £ &
Wit B BRI E G EE R 5| X AR A A8 EARBENIE, ZHARAEMIITE L
B it —F 6 o B b AL AR SR 09 2 75 L ) RAE TR AR IE .

FGEiE: AMIATE, RS, MR R, AHER, RIKEMSS

Identification of metabolites secreted by Lactobacillus plantarum
CCFM8724 on inhibiting dual-species biofilm

LI Jiaxun ZHANG Qiuxiang* GUO Min ZHAO Jianxin
School of Food Science and Technology, Jiangnan University, Wuxi, Jiangsu 214122, China

Abstract: [Background] Lactobacillus plantarum is a kind of important probiotic. Our previous study
suggested that L. plantarum CCFM8724 could inhibit the double species biofilm of Streptococcus mutans
and Candida albicans. However, the specific contributing substances remain unclear. [Objective] To
evaluate the characteristics of the antibacterial components and explore the material basis of L. plantarum
CCFM&724. [Methods] The influence of temperature, pH and other factors on metabolites were measured.
Gas chromatography-mass spectrometry (GC-MS) was performed to analyze the composition of
L. plantarum metabolites. Organic solvent extraction and ultrafiltration were further applied to initially
separate and purify the fermentation supernatant. The metabolites inhibiting the double species biofilms
were then identified by liquid chromatography-mass spectrometry (LC-MS). [Results] Through
multivariate statistical analysis, the main difference metabolites of L. plantarum fermentation supernatant
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were organic acids (such as phenyllactic acid, acetic acid, hydroxyhexanoic acid and glyceric acid, etc.).
After preliminary extraction, identification and function verification, the active ingredients were mainly
organic acids and cyclic peptide compounds. [Conclusion] The supernatant of L. plantarum CCFM8724
can inhibit the mixed-biofilm through the synergistic effect of organic acids and cyclic peptides. This study
provides a theoretical basis for the further production and application of L. plantarum effective

components.
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Figure 1 The inhibition effect on the double-species biofilm of the L. plantarum CCFM8724 supernatant after different
treatment
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Figure 2 GC-MS analysis of the differential metabolites of MRS medium and L. plantarum CCFM8724
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Figure 3 The inhibition effect on the double-species
biofilm of different substances in L. plantarum CCFM8724
supernatant

e A: BIREHRIEAE; B: JFEHRIREHE; C: HIES
BARS T RGP, *: P<0.05; **. P<0.01, F[H

Note: A: Protein extracted by ammonium sulfate; B:
Polysaccharides extracted by ethanol; C: Substances with different

molecular weights separated by ultrafiltration. *: P<0.05; **:
P<0.01. The same below

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



4726 (DGR ESTE(

Microbiol. China

3-10 kD, 10-30 kD .>30 kD iX 4 /{5 Fil /¥ & Bk
DA 22 8 RO A A 0 T, 45 5 s R R
HRUB4y FE <3 kD BN FH5
334 AFREBHBFIZEEHR LK

A HLE AR TE TR 25 R $2 L, &
S FH T R P 1R S T 2L AR P AS T T A2 79 A £
A3TE BN R HEA AR XS [R)AG BILI 50 26 B T
VA VA A T SO T A W R B e T AT
FL, AR IUR FZE 4 AH 19 2R P IETE iR an il 4
B o Ak IECBE . S BE A A U G
0 W AE MBI L R T HA RO T T2
AAER, T 2R TR B A€ OR8240 ) £ W B i
(F 4A), TARMAEEATCIEEE 4B), XERWZ
T2 2T R 6 38 I ZE ORI , R BT U85y 322 R v
S B — W5 i — 2B X R LR FE U SR 1)
AR TR
33.5 ZERZESERL LC-MS £ E4R

VR TR AE U Hh SRR M (R A P R AT R
FRBCFH MY, S5 RANEE 1 FR, 7ECRR BT
LRGN E) 291 555 VT EC A AL A, Foh
F & A LRSI SEFR W ot o FLIR B 7™ A= i
PRI AR PR L A S AN S,
HApaYRETEE WWALR . O, frER%E.
PUER A EZ I HLEE N . Hg A m IR G
SREARIAEE T pH AE, DAl B R i A K
T AR A 125 ) TR XS 5 S 41 1 200 B R 463475 , A T ik
e, SR RMAETPY, B EPIns
RIARARE = AEWMAR . O . FIR . BIR%
A HLIER AR W e Xt KR A B A AR A 4 B AR
Heleno %5 & BT FR IR FH iR K A AR R R AT R
UFROATEE, TR SR B A, s
(R 5 2 WA R R 2L TR X R Y TR o A7 114 1R
JE 9 T A AR AR PO, ARAFSR it GC-MS Al
LC-MS #:ZE| A HLRUIERILER ., LR, Hi
CR . HImER . MR . 3-mIWe NGRS . FLAF
77 R A A AR ) TR B ROR B A LR 22 T
LR LA I e A LR , TR AT e =
A 3 35493 Tl A O A B AR A

B 4 HEYIFE CCFM8724 R REAFHIAFZERER
FERABHNFI W E £ YRR R

Figure 4 The inhibition effect on the double-species
biofilm of extraction phase and raffinate phase of
L. plantarum CCFM8724 supernatant
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#1 LC-MSXEZBCEEIMILER
Table 1 LC-MS identification results of ethyl acetate parts

HHR 35 grThk Wy & ik (W T AR
Compound name Molecular Molecular Substance content
formula weight (peak area)
Cyclo(leucyl-prolyl) C11HisN,O, 210.135 4 6.76E+09
3-(propan-2-yl)-octahydropyrrolo[ 1,2-a]pyrazine-1,4-dione C10H16N20, 196.120 0 2.61E+09
Nicotinic acid C¢HsNO, 123.031 2 1.67E+09
D-(+)-pyroglutamic acid CsH/NO3 129.041 7 1.29E+09
Cyclo(phenylalanyl-prolyl) C14H16N20; 244.119 5 7.36E+08
L-phenylalanine CoH1NO, 165.077 7 5.51E+08
d-valerolactam CsHoNO 99.068 12 5.72E+08
Methoxyacetyl fentanyl CHsN>O, 352.221 4 4.34E+08
L-norleucine CsH3NO;, 131.093 6 3.95E+08
Bis(4-ethylbenzylidene)sorbitol C,4H3004 414.203 2 3.75E+08
Trans-3-indoleacrylic acid C11HyNO, 187.062 1 3.70E+08
Palmitic acid Ci6H320, 273.264 7 3.47E+08
Sorbic acid CeHz0, 112.051 8 2.94E+08
Kojic acid CeHgO4 142.025 6 2.89E+08
3-(1-hydroxyethyl)-2,3,6,7,8,8a-hexahydropyrrolo[1,2-a]pyrazine-1,4-dione CoH14N>03 198.098 9 2.4E+08
6-chloro-5-fluoro-1H-1,2,3-benzotriazole CsH3CIFN;3 170.998 2 2.17E+08
11(2),14(Z),17(Z)-eicosatrienoic acid Cr0H3402 306.254 6 2.08E+08
5-hydroxymethyl-2-furaldehyde CsHsO3 126.030 9 1.93E+08
N-acetyltyramine C0H13NO, 179.093 7 1.62E+08
3-(3-methylbut-2-en-1-yl)-3H-purin-6-amine CioH13Ns 203.116 3 1.58E+08
DL-tryptophan C11H12N,0, 204.088 4 1.47E+08
Thymine CsHgN,0, 126.042 0 1.4E+08
DL-2-(acetylamino)-3-phenylpropanoic acid C11H13NO; 207.088 7 1.34E+08
2,3,4,9-tetrahydro-1H-B-carboline-3-carboxylic acid C12H12N»0, 216.089 1 1.34E+08
N-acetyl-L-leucine CsH;sNO3 173.104 4 1.21E+08
3-amino-2-phenyl-2H-pyrazolo[4,3-c]pyridine-4,6-diol C12H10N4O; 242.079 5 1.11E+08
Citral CioH60 152.119 2 1.04E+08
L-isoleucine CsH3NO, 131.093 6 1.01E+08
Zearalenone C18H»,05 300.132 7 96 530 493
Erucamide CH4iNO 337.3332 93 019 808
Cuminaldehyde CioH20 148.088 1 87 336 234
4-indolecarbaldehyde CoH7;NO 145.052 0 83 814 650
4-hydroxybenzaldehyde C7H¢O, 122.036 3 76 605 388
L-tyrosine CoH{1NO3 181.072 8 75 039 309
Quinoline CoH/N 129.057 5 73 628 673
Butyl 4-aminobenzoate C11H15sNO, 193.109 5 71 095 422
6,6-dimethyl-4-piperidino-5,6-dihydro-2H-thiine-2-thione C,H9NS, 241.091 5 70 416 290
L-valine CsH;1NO, 117.078 2 69 431 403
DL-arginine CH14N40, 174.110 4 64 710 006
DL-lysine CH14N,0, 146.104 9 15 520 585
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Figure 5 The inhibition effect on the double-species
biofilm of partial differential metabolites identified by
GC-MS and LC-MS
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