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EAVATHI GG FF AN T = oF 4 B B — A 3 5F J04T i@ (Bacillus subtilis), H#8374] S mutans 494
K, f2d RAHLITAEA 69280 LB 6§ 1 F1 8 3F Fed) R 5 HAAL M 541 B. subtilis zh78
Fr#) S mutans £ KT 4869 o TR, ARG BRI EHRAA LA T AR, [Fik]
I B. subtiliszh78 24 &k 0h. 7h. 12h. 5d & &9 & &, A8 FEREEA T B FE IS 69 K4
Mt S mutans HATIPE F 3, R AR - ATE AR 53R R (GC-TOF-M S)x+ Kt it
74 M AR E R 4 # (Principal component analysis, PCA). 1E X @& s = & ) 5] 5 #1
(Orthogonal partial least squares discriminant analysis, OPLS-DA)#= & /4% #& 48 % 4 #7 (Pearson
correlation analysis)% 7 ik / T4 4B 1. [4 3R] B. subtilis zh78 £ K 5 d B e9K#t =4t S
mutans LA B R EAE A, RS T AEE . RARERAIERESF 36 AL At S
mutans #9345 A B %48 % . [436] B. subtiliszh78 7T 48 7 A& KABEE . BB £ AR LB £ 5
T 4428t B. subtilis zh78 47 4] S mutans £ K &4 s o F Rl =4, BA — 2 69 B8 5 A AL AT % .

BRI AEFIATE, Rftay, Wik, ZFKRHY

Foundation items: National Natural Science Foundation of China (31560159, C0309); Key Cultivation Projects of
Central Colleges and Universities of Northwest Minzu University (31920170162); Fundamental
Research Funds for the Central Universities (31920160051); Basic Research Innovation Group
Project of Gansu Province (17JR5RA274)

*Corresponding authors: E-mail: LI Zhi-Qiang: lizhigiang6767@163.com; WANG Jing: |zukqwj@126.com
Received: November 17, 2017; Accepted: December 15, 2017; Published online (www.cnki.net): January 17, 2018
EEWH: HEHRPFIE4 (31560159, C0309); Pk F Ay e i i o i 5 7 001 H (31920170162) 5 H 4kt 15

FEIEABHIF L 55376 701 (31920160051) ;. H 7l 44 FERIAF 73 QI #E 1A H (17IR5RA274)

*BIE{EE: E-mail: Z5EW: lizhigiang6767@163.com; Ti#: lzukqwj@126.com

Wk HER: 2017-11-17; S HHER: 2017-12-15; M4EHE % HHEA(www.cnki.net): 2018-01-17



BRI BT UM @3- AT IR STREI AR 7 A R 24 ST RO A S R BR TR A4 ) £ 2175

M easurement of inhibitory effect of Bacillus subtilis on
Streptococcus mutans by gas-chromatogr aphy-time of
flight-mass spectrometry

HUANG Hui-Min' ZHANG Xiao-Feng" Y| Gen-Yun' WU Sheng-Rong"
ZHOU Jian-Y€* LI Zhi-Qiang® WANG Jing"

(1. School of Somatology, Lanzhou University, Lanzhou, Gansu 730000, China)
(2. Key Laboratory of Oral Diseases of Gansu Province, Northwest Minzu University, Lanzhou, Gansu 730000, China)

Abstract: [Background] Dental cariesis harmful to human health. Sreptococcus mutans is recognized
as the main cariogenic bacteria. In our previous studies, we found the Bacillus subtilis (Bacillus
subtilis zh78) isolated from ora cavity could inhibit the growth of S. mutans. However, its
bacteriostatic components were still ambiguous. [Objective] This study aimed to (1): determine the
possible small molecular metabolite of B. subtilis zh78 that may inhibit the growth of S. mutans by
untargeted metabolomics approach; (2) evaluate the prospect of B. subtilis zh78 in caries prevention
and treatment. [M ethods] Firstly, we used the cold methanol to extract the metabolites in the bacteria
solutions from the B. subtilis zh78 growth at O hour, 7 hours, 12 hours and 5 days respectively.
Oxford cup method was used to test the antibacterial activity of the extracted metabolites against
S. mutans. Then, gas-chromatography-time of flight-mass spectrometry (GC-TOF-MS) was utilized
to metabonomics detection. Lastly, we used principal component analysis (PCA), orthogonal partial
least squares discriminant analysis (OPLS-DA) and Pearson correlation analysis to process the data.
[Results] The metabolites at 5 days of B. subtilis zh78 showed the most obvious inhibitory effect on
S. mutans. 36 kinds of substances, such as xylitol, amino acids and organic acids produced by B.
subtilis zh78 were significantly related to itsinhibitory effect on S. mutans. [Conclusion] The findings
suggested that the B. subtilis zh78 could produce certain kinds of metabolites (e.g. xylitol, amino acids
and organic acids) which might exert the antibacterial effects on S. mutans. The B. subtilis zh78
displayed its potential in oral probiotic application and the related studies.

Keywor ds: Bacillus subtilis, Metabolomics, Antibacterial activity, Differential metabolites
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B. subtilis zh78 £ 5 77 3 T2 K5 (g/L)
%M 10.0, REHEMAM 10.0, 4 5.0, B
I 20, THEE /K 1L, pH 7.0, S mutans
ARIEFEL BHI JiFR3(g/L): &Mk 10.0, BiK
/NERR M 12,5, BKAOR K 5.0, FibEl 5.0,
HEBE 2.0, BERRA BN 25, TWEAETFKLL,
pH 7.4+0.2, [EAREFR IR TN ABUE 20 g,
113 FERAFIFLES

i A= AR A B Y S Ak b 2 ) — 9 £ Tk e
[Bis (trimethylsilyl) trifluoroacetamide, BSTFA], %
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Technologies £ FR 2 Al o

GC i, Adilent A+ Fii%{X, LECO A
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A, JEAT SO B3 - AT B ) 5T 5 15
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ST PCA (Principal component analysis) .
OPLS-DA (Orthogond partia least squares discriminant
andysis) % Venn S540HT, AR AR A FEEHET
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55(P<0.05) -4k 22 S RIMACHIY ;. R B2 /R ARAHSC
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2 ZRG540
21 HIESKRIEER

MM LIRS R B 7R . 7€ B. subtilis zh78
() kb, zs. pt. sw £ AV B EE AL B P 30 18
SR (S mutans)t, sw A P A T B A
W, T zs, pt WAFCHH™ 2 A A I R R AN B
Kb HAFIBH P XS B 25 R B e (] 1)

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



el

b
/

A BT A - A IR TSR AR 3Bk e 25 ST 1 X 28 S B o ) 10 ol 2 2177

S. mutans
p

1 B.subtiliszh78 &4 KETHEAX I = 4%F S. mutans
BN

Figure 1 Inhibitory effect of metabolites of B. subtilis
zh78 on S. mutans at different growth stages

e kb: ZEFUBI(A); zs: HEEUH(AL); pt: FEBEL); sw:

THTHIER). sw BB ™ 8 T W 8 A0 5 Bl (CF- 2 AR R
14.2 mm); zs, pt AR 47 A= 0 T RS . Blank Sy 9]
PEXSBRE, o ISR BT Rl s Kb 2H ) (R e A 1R BT T 1]
Note: kb: Blank phase (group); zs. Exponential phase (group); pt:
Plateau phase (group); sw: Extinction phase (group). The
metabolite of sw phase produced an obvious inhibition zone (the
average diameter of inhibition zone was 14.2 mm). The
metabolite of zs and pt phases produced an unobvious inhibition

zone. The negative control group (blank) and kb phase did not
see an inhibition zone.

22 KGLEZEN, SHER
221 EW7FH(PCA)

WK 2 firs, B. subtilis zh78 7E kb, zs. pt.
sw A B 0 %) = 1053 43 A T AS [ 4 BR (R AR
i FE% ROX=0.731, Q°=0.647), & 4IFFAJEA LA
PAIX A3
222 ERULEWIHIE

OPLS-DA #i[a] 2= Rt as S i, sw 4 A
S kb, zs. pt A5 0 EAA W Y
Z 5 (Kl 3), kb, zs. pt 14515 sw 4% A,
BRI RPX 4331k 0.73., 0.64, 0.644, RPY 433K
0.996.0.992.0.988, Q° /34| }y 0.987.0.973, 0.939.

4 B. subtilis zh78 sw ] 54 K45 B 22 H AR
W A T, SR B. subtilis zh78 sw HI%E
Stk SR, SR BRI 97 Bl sw B
RSP, a0 Venn (] 4)BR o F e 18 B
1 50 th %) 97 Fh 2z Ak B kS T R IR ARAH DG

A3HT, ARAE r>0.9 F1 P<0.05 vk 36 Fh 54 B el
HARREIEARCEYI(ER 1),
3 Wik

FATTRT I 55 75 AR IE 5 11 o o B RS 1)
B. subtilis zh78, HA:KEEEERA B HEHIH] S mutans
AR AW H N T A T T AR
PR 2 A, LA T BERII B 4150

X} B. subtilis zh78 7645 A=+ Ji HA A 7™ 4 F
BHEARUS, T 7T S mutans RS2, K
sw AR % S mutans BESS 7 AE 52 1 0
A, HAMEEERER 14.2 mm. %45 1L
B. subtilis zh78 A4 G A Qi ™ M ] Hhy FR P2 LA
F, FEIE SR AR AL 22 0 vk, I L LY
W SR YRR AT 4T . X B. subtilis zh78 45 1]
A k4T T PCA 43#r, 455 R HAE kb,
zs, pt. sw S Y A A B 225 . S5
SEEZE L HEN B. subtilis zh78 A4 4 it 3 B 7E

-20 0 20 40

—4 L
960 —40

R2X[1]70.429 R2X[2]=0.2

Ellipse: Hotelling’s
T2 (95%)

1]

2 2415 B. subtilis zh78 #£ 7K PCA 1545 &

Figure 2 PCA scores plot of 24 samples of B. subtilis
zh78

T FEAHRAL T 9% A5 X A 1Y, & HARASEA ERT LIS TIT 5
kb Jyzs FUA(AR), MR zs HIEEUHEL), 406, pt P&
(#H), Wi swoRIHT-HI(E), &, TR,

Note: All samples are within 95% confidence intervals, samples
of each group can be basically distinguished; kb refers to blank
phase (group), black; zs refers to exponential phase (group), red;
pt refers to plateau phase (group), blue; sw refers to extinction
phase (group), green. The same below.
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Figure3 OPLS-DA (Orthogonal partial least squares discriminant analysis) scores plot obtained from each comparative

group of B. subtiliszh78

H. osw RS kb, zs. pt FACHIIEHEZEFT. A swil vskb4l; B: swil vszs4l; C: sw 4 vspt 4.
Note: The metabolites of sw group were significantly different from those of kb group, zs group, pt group. A: sw group vs kb group; B:

SW group vs zs group; C: sw group Vs pt group.

sw-pt

4 EFKiHEH Venn

Figure4 Venn map of differential metabolites

F: 5 kb, zs, ptAAMLL, swl&H 97 P
Note: The sw group contains 97 specific metabolites compared
with kb group, zs group and pt phase.

sw 7 E . HHE OPLS-DA 48 22300, F14%
2= AL A PRI B R ) B JR AR SR B, 25
W, ZHETE sw IR A 53 S mutans A K I8
FAR N FAE= 412 36 Fir, $E81% 36 Fil
YA AT REAEA ] S mutans A= K G HEVE T
X% 36 F AT T SCHRAT IR, 25BN,
ARBERE . L-BAMR . L-TEARZECHEMNX S
mutans A IIHITERPIT . RO . HER .
L= SRR | D-IE A0S S5 05 1 (0 100 087 977 485 1 B S
Hik Hr A AN ] R 4G T A o 75 2 5 B e 52
55 24 v G £ T 7R S 2k i o e kA T it — 2 oY
(#1).
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*1 S5NEEEREEHEXNKEY
Tablel Metabolitessignificantly related toinhibitory zone diameter

VIPvaue FC

No. Name r P Similarity
sw/kb sw/zs swipt sw/kb sw/zs sw/pt
1 KBERE Xylitol 0900 0.031 812 127 118 127 461 375 250
2 L-©%® L-glutamic acid 0990 0.003 435 103 112 103 176 361 143
3 L-F&%R% L-tyrosine 0982 0006 759 128 105 118 7.09 195 7.23
4  H % Phenylacetic acid 099 0001 868 127 124 133 2576 2632 21.94
5  FIEZM Glycolic acid 0990 0.003 805 127 114 133 343 217 203
6 T Butyraldehyde 0.990 0.003 469 126 124 132 2478 2468 2422
7 D-B5# M D-tagatose 2 0990 0.003 309 128 136 151 3149 7.90 270
8 LR L-malic acid 0990 0.003 471 116 123 142 2157 228 254
9 XM Spermidine 0.996 0.001 886 128 114 157 2657 26.01 19.36
10 M= Xanthine 0995 0.002 85 127 130 117 868 956 483
11 FLBEA Lactamide 2 0.993 0002 493 119 113 116 2755 16.09 14.38
12 HORWEHERR Maleamate 4 0.990 0.003 704 122 119 101 690 250 1.33
13 & Glutaric acid 0990 0.003 762 109 122 107 418 1568 3.0
14  F%iHE % Saccharic acid 0.990 0.003 952 127 125 124 436 383 152
15  FJERER Linolenic acid 0.990 0.003 468 128 125 133 2433 2490 24.80
16 IR Cerotinic acid 0.990 0.003 262 127 124 132 2111 21.67 2157
17 FaRRBi A msnER AT Thymidine 3 0990 0.003 220 127 121 132 20.37 2014 20.83
18  RA&TMk Asparagine 3 0.990 0.002 944 124 121 115 2851 29.08 22.90
19 A&k Glutamine 2 0990 0.003 296 135 104 129 717 946 326
20  Jif¥ Cytidine 2 0.987 0.003 543 128 125 134 2235 2292 2281
21  L-5#E% R L-isoleucine 0990 0003 775 110 106 132 58 346 512
22 L-IEZE4R L-norleucine 1 0.989 0.003 442 125 122 130 2241 2298 22.88
23 FLWEEERR Digalacturonic acid 0.990 0.003 646 128 126 134 2371 2435 24.25
24 HifEZ.BR Oxalacetic acid 0985 0.003 499 128 125 133 2375 2432 2422
25 V754 Menthone 1 0990 0.003 305 153 118 146 2112 21.29 2158
26 Hihl# Diglycerol 1 0990 0.003 520 1.06 110 1.32 26.38 2324 2227
27  WIB& Creatine degr 0.990 0.003 227 126 124 132 2167 2224 2214
28 FARMAE Melatonin 3 0.989 0.003 237 133 125 128 2566 2622 26.12
29 PN iR Methylmalonic acid 0989 0.003 938 123 124 111 162 237 158
30 D-#RAAERER D-erythronolactone 2 0.988 0.004 587 124 126 123 142 208 148
31  o-&KC R Alpha-aminoadipic acid 0990 0.004 236 126 124 132 2361 2420 24.09
32  N-ZPBt-D-H#Wilk N-acetyl-beta-D-mannosamine3  0.990 0.003 789 127 125 133 39.05 4535 46.82
33 Ne-ZELAE#i &R N-epsilon-acetyl-L-lysine 2 0.990 0.003 702 125 122 131 2938 29.94 29383
(GE3)
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(#:k 1)

34 RIEW R Glucosaminic acid 1.33 2340 2642 22.75

35  ZEHIEH R Benzoylformic acid 2

36  L-#ffi&z Trans-4-hydroxy-L-proline 2 0.990 0.003 839 117 115 122 2627 26.84 26.73
T r AAHCREL, r B8R T 1, (UMM POV REUW IR B S, P<0.05, RUIME KRR BAGI4E X; Similarity
AR5 BRI P Fr R AV R, W43 1 000, AT 1 000 T H P SOEERR s VIP AR S [ A 2 [ 22
ST ACE , VIP>L 2022 AT bR iE s FCIE NS TE M Hh g AR L (B, FC>1, fRRIZWIBTE i sw 45 T kb
M sw Him T zs A, swHmT pt). WIS IECT RN 2477 A AL Il (77 A= AL SR B i, AT +417 A= Al Ak
H% B B RZ A .
Notes: r refers to the correlation coefficient, the closer to 1, the higher the correlation is; P refers to the hypothesis test value of
correlation coefficient, P<0.05, showing the correlation is statistically significant; Similarity refers to the matching degree between
metabolites and substance in standard library, the total value of which is 1 000, and the closer to 1 000, the more accurate the substance
is; VIPrefersto the variable importance in the projection value, VIP value greater than 1 is the criteria for selecting different metabolites;
FC refers to the peak arearatio of metabolites between the two groups. FC>1, representing the level of the tested component in sw phase
is higher than that in kb phase (or that in sw phase higher than that in zs phase, or that in sw phase higher than pt phase). The number

behind the metabolite represents the number of derivatization groups of the metabolite after derivatized. The form that
metabolites+number of derivatization groupsrepresents the metabolite.

0.990 0.003 331 127 123

0.990 0.003 264 125 122 131 2610 26.67 26.56

ABEBE (X ylitol) & —Fi 2 B i L AT b7 i 1 FH 19
Yiig, BB A OB RS
IR ST ScRkAE, AR X S mutans H
AP EANE S mutans A= K AR
PLERA B . ABEEE A4 S mutans AR %
BEIR R AL AL B R SE kA S mutans AR, FE
3 5 Bl R AL A 7 0 B S AR o L P Ao
B A] T4 S mutans 8 16 UK TE 8 1T 70, 60
ik, MM S mutans A4 K2 245445z
a5 R OMUTE sw Al A T, H SR B A
fRIAI5E 2250 r=0.990, P=0.031), /AT AE
J B. subtilis zh78 i A= /Ny i 4y vh— i
il S mutans ZiCR BHAf 494 5 . [R] Bs), B. subtilis zh78
AT RE 7™ Az AH B X D 5L A H TR 7 8 400 8 A FH 4
J, RN HAE I SE 0 35 A WA B M
fH. 7o, AMREHRAIRE 20 Fiif e 2 3L
5 SRR LR IR G KB, D. L AR
DAII AR S R 1 A K AR IR TE L, DL L
T % 2 R R AE 22 75 AR BRI 0 AR K0 g AR s
AR TS S mutans SRR ROARSGHE, R
TIHEM B. subtilis zh78 W RE™ 2E L-7F 22 . L-F%
fig 2 Fx S mutans AT BEHA — & PR & 19 /Ny
FYI

7E FiR 5 S mutans A= KAL)

i, B IFOEZIR, BRI . LSERR)AA
IiEBL A A HLER . A IFGTIESE,, AHLER T
RESR RN IB B 1K | B AL AT AL | A A= Ky
TA . AR SRS A EA AP, 2
CRAEBEZy Tl - FE B RN 4, A KR
(g AR TR R TR s, L SRR P a2 i ™
W PIE S HAT I T DL 3 R HLER Y r>0.99
H P<0.01, Kk, B. subtiliszh78 (1/N3>F1LilH
HAT BB B A 1% 3 R ARSI A B B B 0 BLIR
M RERZ RN I S mutans A K 1VE A .

ULAN, FE SR AR B T LA B RE
HAMEERRI, TATE LT —F A
WE——D-3EA6 M. D-IEAM S FURE R TE X
S AR A 2 o020, 78 T P BRIk, ol
AR AR R S e H 8 A 3 ol A B B RE B 1k 2T
Sl BB A B 97 i

0 i AR L A R AT L i fey MRS I A= 4
FEACH BT, AT LLSEHREAS A S R 4 7400 2
Hk, TR0 A2 SR . Rt
AR BRI GE B X GAE /N o1 O 1 1 20
R, 4 T 0 A F T X G T R S5 A 2 a] Y
KF o R, AREE AR 2 AR 2F E BT,
B 5 21 A0 AR5 9 v AN R T oo L R R A TR AR
W, IF HLRH AL 2= A5 — A, AR A A e —
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TEMIRZE, DRI 2 [ A AR G A ) A F 5 5 1
S G, A AT LASRATAE & 8 A RE T 1f0 B4 5 1Y
AR
4 4

ABFFENT B. subtilis zh78 #4717 ARS8 1A AR5 40
SRR ARG, S5 IREoR, 36 Rl
HHX} S mutans il /EH 8 % A& (r=>0.95 H
P<0.01) 4 BRI 2], 3 $e 4y Jof 3= B4 H5
kK AHUIRFEMEAFEIRIETE . HXT S mutans A K
(30 FAE AR S I IF ST oA AN GE , 45 A A
WEFE4s 5, wiEHEN B. subtilis zh78 AJ fig = Ak j%
36 Fifityy, xeefCii7E B. subtilis zh78 X} S
mutans [N ERVE A R AT R B — @ e HEEA, X
S TR ABFSE B. subtilis zh78 i #l B 4 I HLEE,
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