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Antibacterial activity and mechanism of garlic organic sulfide
against Bacillus amyloliquefaciens

DAI Boren, SHEN Guanghui, LIU Haina, ZHANG Lidan, HE Chungiao, GE Runqiu
(College of Food Science, Sichuan Agricultural University, Ya'an 625014, China)

Abstract: [Objective] To explore antibacterial activity and mechanism of garlic organic sulfide (GOS) against
Bacillus amyloliquefaciens. [ Method] The antimicrobial activity, minimum inhibitory concentration (MIC) and
minimum bactericidal concentration (MBC) of GOS against B. amyloliquefaciens strain were determined using
the inhibition zone method and the double dilution method, and its inhibitory effects on bacterial growth curve
and extracellular protease activity were evaluated. Metabolic activity, alkaline phosphatase activity, p-
galactosidase activity, extracellular conductivity and thallus morphological changes observed through scanning
electron microscope of B. amyloliquefaciens treated with GOS were investigated for elucidating antibacterial
mechanism of GOS against B. amyloliquefaciens. [ Result] Diameter of inhibitory zone of GOS against B.
amyloliquefaciens DY 1a and DY 1b were 31.7 and 25.7 mm respectively, MIC of both strains were 30 mg/mL,

WS EEA:2019-10-24  MLEE A FTiE):2020-04-26 11:33:04

48 & % il http://kns.cnki.net/kems/detail/44.1110.S.20200426.0905.002.html

EHBEN A4z (1995—), B, M LA L, E-mail: 278911464@qq.com; @Iz4EH: w44 (1985—), %, 35,
# 4, E-mail: shenghuishen@163.com

EEWH: w5 AH 3+ % (2019ZHCG0022); w5 % F /TN ELEMA R T T 55 B (CCI7Z01)


mailto:278911464@qq.com
mailto:shenghuishen@163.com
http://dx.doi.org/10.7671/j.issn.1001-411X.201910018

96 g A LR 22243 (http://xuebao.scau.edu.cn/zr)

41 %

MBC were 240 and 480 mg/mL, respectively. The inhibition rate of 30 mg/mL GOS on DYla and DY1b

extracellular protease activity were 47.3% and 15.6% respectively. After treatment with 30 mg/mL GOS,

metabolic activity (D99 nm) decreased by 2.771 and 4.091 respectively, extracellular alkaline phosphatase

activity increased by 0.029 and 0.036 U/mL, extracellular f-galactosidase activity (D4 nm) increased by 0.047

and 0.016 respectively and the extracellular electrical conductivity increased by 0.060 and 0.031 mS/cm

respectively. The results of SEM showed that the surface of bacteria cells treated with GOS had shrinkage,

cavity collapse and rupture. [ Conclusion] The excellent antibacterial effect of GOS against B.

amyloliquefaciens may be attributed to irreversible damage to cell wall and cell membrane and alterations of cell

physiological metabolism.
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TGRSR S VA PR F T T ISR 5%
RF R R R IR 2 A R B TR R ) R IR 2 —,
2 B E AN Tz R . KER Allium
sativum 5= H 5 F} Liliaceae ZU& Allium THYIIHT
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LRI R —p-D—F-FLIL I HE 1 (ONPG) T3
SREMFARGIRAT; 2, 3, S-= KL EALIT =M
(TTC) 16 T At 3 3K E R A BR A 75 il 13 2 1l
PR S T R A AR T RR I SR R
(53 B2k W T sl i B AL T .
1.1.3 3R A AR A A LB AR 973 3
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pH B2,

BRI R TR RO 10.0 gL, 4FE 3.0 gL,
NaCl 5.0 g/L, 3 fiE 20.0 g/L, pH HA -
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PCA }5953E: REE A 5.0 g/L, FERHE R 2.5 g/L,
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S e R 3G IR 5L A W, R Wk 50.0 g/L, ¥
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MO FLBEi% G 8 98 3 Na,HPO, 12.8 g/L,
KH,PO, 3.0 g/L, NaCl 0.5 g/L, NH,C1 1.0 g/L,
MgSO0, 0.5 g/L, CaCl, 0.01 g/L, FL## 5.0 /L, pH HR .

K AR 121 °C 15 min(A- BRI R 5 A W
K B 26444 115 °C 20 min).

B FUBE L Bl S 2% i NaCl 8.0 g/L, KCl
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MU AL 008 M A1 2 1 Tt 1 ) 4 2.«
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UTUE . Z 18 Guo 551" [ 7 AT 4 FRLBEAE
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ZFAF N E 12 h, SBEREH ¢ A 30%. 50%. 70% Al

90% [F Z LA 7K 15 min, 5518 7K 2085 it
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2.1 KEANSEHIHNIIESR

HHIE 1 AR, 3 g/mL R FRA MLE AL 7= A= 11
IR Bl B AR e K, AT B AR DY 1a A BB B AR A
(31.7+3.2) mm, X}k DY 1b FI4 5 B 5 45N
(25.7£1.5) mm; 300 mg/mL ) Ka B AR ALY 7= AR
4B B B ARk 2, XF DY lal# B Bl B 42 N
(21.0+4.6) mm, X DY 1b 15 & B2 0 (15.0£1.5)
mm; 30 mg/mL ) K5 A MU ALY A 72 AL
o HIPE 2 AT, RFEA MR AR 2 BR J W 4 1
(1) /N A FE (MIC) 34179 30 mg/mL( R B £5 4
N 1/32). KT MIC WRFA FLERAL DR 2 FRIE L
WA —ERAERKEIEER . B3E 1T, K
HURACHI XS T 2 PRAHTE 1) 55/ % B EE (MBC) A
5], X} @ #k DY la ) MBC ¥ 240 mg/mL, X} B #k
DY1b ) MBCA 480 mg/mL.
22 FREMTFEMRERNE KL

B 3A AT, 2 EHAMBE R DY la 7£ 0~4 h N
Wb T AEAT A, 7E 4 h JEEE A BRI, 7E 120 )5
HENFEE . 15 mg/mL KA HLET L4 i B2 20 1)
ik DYla 7£ 0~28 h N Dygg un 158 224K, SRITIZE 28 h
Jiis Do nm SV E T 7o 30 mg/mL Kgaf HLER AL b
HRAH AR DY 1a 7E 48 h I Dgygm 27572810 HIE 3B

/!

1 FRIREXRFAIELY (GOS) X 2 HRIFRM F AR MINE{E A

Fig.1 Antibacterial effects of different concentrations of garlic organic sulfide (GOS) on two strains of Bacillus

amyloliquefaciens
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040 r = DYla

ADﬁOO nm

AENUEN N RS \\Q‘f" \\,pb \\5\"'
i RE A5
Dilution multiple
GOS YIUE i # K E N 960 mg/mL
GOS initial concentration is 960 mg/mL
2 AREIREXRFAIGLY (GOS) X 2 ¥RERIEH ZF
FEEKRIT
Fig. 2 Effects of different concentrations of garlic organic
sulfide (GOS) on the growth of two strains of Bacillus
amyloliquefaciens

AL, A A E R DY 1b 78 0~8 h P 40T ZE 1,
7E 8 h Ja B A E A K, 78 33 h e dk N 3.

—=— 0 mg/mL GOS —e— 15 mg/mL GOS

[A:DYla

5 10 15 20 25 30 35 40 45 50
t/h

®1 AEIREXFAIRLY (GOS) Xt 2 HRARIE#H 5
HERNREER
Table 1 Bactericidal effect of different concentrations of
garlic organic sulfide (GOS) against two strains of
Bacillus amyloliquefaciens

%%/ (CFU-mL™)

p(GOS)i/l Colony count

(mg-mL™) DYla DY1b
480 0 0
240 0 >0
120 20 2%

15 mg/mL KFaf WL ALY A BE A (W R & DY 1b 18
0~22 h N Dgog nm & H B, ZJG Dgoo am 1BH T+
o 30 mg/mL Kws A VLA A0 4 b B2 40 () B #
DY1b 7E 48 h P Dggg pm L2
2.3 MM EEIINEBREM

J3 OB B A A R R E U
BRI Fo HH# 2 W, AR BE R 35 HLER AL 05T i

—a— 30 mg/mL GOS

04515 py1p
0.40 }

035}
030}
2025}
S 020}
0.15}

5 10 15 20 25 30 35 40 45 50
t/h

3 TREIKEXRFAITLY (GOS) Xt 2 MR F Rt EE K&
Fig. 3 Effects of different concentrations of garlic organic sulfide (GOS) on the growth curves of two strains of Bacillus
amyloliquefaciens

*2 TREIREXFAVELL (GOS) X 2 ¥RARE M F AT RN B EEE RSN
Table 2 Effects of different concentrations of garlic organic sulfide (GOS) on extracellular protease activities of two strains
of Bacillus amyloliquefaciens

DYla DY1b
p(GOS)/ KA | LA /mm B BEE A R /% JK ARl A% /mm B B R R /%
(mg-mL™) Diameter of Inhibitory rate of Diameter of Inhibitory rate of
hydrolysis zone protease activity hydrolysis zone protease activity
0 17.41£0.85a 0 16.37+0.04a 0
15 16.17+1.36a 13.7 16.68+0.43a 0
30 12.64+0.71b 473 15.04+0.42a 15.6
45 7.00£0.00¢ 83.8 10.98+0.46b 55.0

DR H B )5 09 R R N F8 R £ F % % (P<0.05, Duncan’si%)

1) Different lowercase letters in the same column indicate significant difference (P<0.05, Duncan’s test)
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TEN ZEATE DY la 55 DY 1b A& A BgE T B A
AN [FI AR BE R4 Bl A K wR A HLBR AL Ik
FE 3 &, B K AR B B AR . MR ER A L
BRAL DR 0 R R EE N 15 mg/mL B, %6 2 BRI K
B 4 MR T3S 14 T S5 35 50 (P>0.05); ¥ 30 A
45 mg/mL Kigi A HUER AP0 % f8 UE Ky 2 76 T B
DY la (18 (B E LA 538 0 ROR, =5
AR 47.3% F1 83.8%. ¥ 30 A1 45 mg/mL K H
HLERALA AT TR DY 1b M4k E B Mt 2 A )
VEHT, 40612255 515 15.6% M1 55.0%, H5H 2%
2.
2.4 MM REAMAETENE

2,3,5- =R FEEAL YA M (TTC) Rl 5 & 4
LRILAAR PN I TR % o S A A IRORRE, A AT [
5%, AT FH O I Bk 20 i ) AR P i o e KRR
WU A0 A B2 5 A e o 28 R AT B 3 979 TTC Jeta,
I3 2 B AUV M, T )42 B L B AR 4 B PV M A
o FH P 4 T, 25 1k R ZH 1 200 A Qg v 1 R
T REFAIEALYIA (P<0.05), Kz G HLERILY
i 930 mg/mL B, E#k DYla 5 DY 1b H4X
T 1 S22 PR Diyog nm 50 FRZAAA EL AR ) R % T
2.771 F14.091, HBEHE KwiA WA FE (1) 3k —
PARIIE o2/ RN ¥ i A NG S R VIR R ]
WREER, PR DY 1b A BARENE L& T 1wtk DY la.
2.5 FRERM I R4 E SR

T PE R G (AKP) A2 A7 75 T 4H B 44t fiw B A 24
PR 2 (] (O, 75 IR W E LR, AKP AN 2t 75 1)
A, AR G L RE 25 0 52 BRI I, 23 i R 2 M A
U TR I A U B AN R AKP P AR
1, AT LA TR B2 S K A HLBR A0 e b 2 f AT
1 4T B S B VR A e . IR S TN, AR GERD PR

0 mg/mL GOS

A:DYla

AKP 3% 1/(U-mL™)
AKRP activity

t/h

| @pys
2t \ \ |

0 30 120
p (GOS)/(mg-mL™")

T EITMA RN FRERIRZ R 3% (P<0.05, Duncan’s %)
Different lowercase letters above the column indicate significant
difference (P<0.05, Duncan’s test)

4 FEIREXFAITLY (GOS) 3 2 HREREMF1E
FEMAEA SRR
Fig. 4 Effects of different concentrations of garlic organic
sulfide (GOS) on metabolic activities of two strains
of Bacillus amyloliquefaciens

FFE DYla 5 DY 1b 097 (55 B M 4h ¥ W
AKP JEVELE 0~5.0 h WG IR BAR AL, T n 15 Al
30 mg/mL KA AL ALY 1 o PR ML AN AKP 7%
PETE 1.0 h PR T+ &1, HOK A MUBR AL 49 ik
i, BN AKP W5 YRR AN 30 mg/mL
Kan B HLER A 20 () B A W AES.0 h B, T ik
DYla 1 DY 1b f L4 AKP 352 B4 5 T 0.029
A10.036 U/mL, 3 %% &1 15 mg/mLA 5% 5%}
MR o B AT LUK B, K55 A WL AT FE W v
EFOT B 40 P B ) e e v B s B R VE L, L
WEE R =, B AR
2.6 FREMFHRITEMARENBENSTEEM
IEH KR, 405 405 P 4 5 AS 2 itk
72 B AL, (5 2 200 i 650 7 R0 e B i 7 B R
S 20 Y EE PN 11 RSO RN M PN AR R BRAS R 1)

15 mg/mL GOS B 30 mg/mL GOS

0.15
B: DY1b

AKP i ME/(U-mL ™)
AKP activity
o o o
I~ & =

=4
—
—

<
—
S

.t/h.

FE PRI T EJ7 AR RN R R 22 57 B35 (P<0.05, Duncan’s i)
Different lowercase letters above columns of the same time in each graph indicate significant difference (P<0.05, Duncan’s test)
5 ARIRERFHAIRLY (GOS) ALIE 2 #RARIEMN oF AT EHARSMAUE BIERES (AKP) JEIERIEIL

Fig. 5 Changes of extracellular AKP activity in two strains of Bacillus amyloliquefaciens treated with different

concentrations of garlic organic sulfide (GOS)
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HEE, S EMANER B SR, g AU
AT 20 B A Y, I8 AR BORAS R AE I AMG AN
BN kT LB R ANE W B S R K p-F
LW T T 5 1k A e S Pt 00 T 00 i S £ 388 5 1k AN 5
RO W 6 AN, AU I ERA MLER AL 0 5
WA E o 2 FRUAT 1 35 372 VPR 5 2R A BN P 2%, T
I 0 K55 A8 LR A 4 £ J T o 355 9 1 PR 5 R B
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Fig. 6 Changes of extracellular electrical conductivity in two strains of Bacillus amyloliquefaciens treated with garlic

organic sulfide (GOS)
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Fig. 7 Changes of extracellular f-galactosidase activity in two strains of Bacillus amyloliquefaciens treated with different

concentrations of garlic organic sulfide (GOS)
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A: Strain DY 1a untreated; B: Strain DY 1a treated with GOS at 30 mg/mL; C: Strain DY la treated with GOS at 480 mg/mL; D: Strain DY 1b untreated;
E: Strain DY 1b treated with GOS at 30 mg/mL; F: Strain DY 1b treated with GOS at 480 mg/mL
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Fig. 8 Cell surface morphology of two strains of Bacillus amyloliquefaciens treated by different concentrations of garlic

organic sulfide (GOS)
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