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Abstract; The composition of endophytic bacteria in different tissues of Artemisia argyi var. argyi ‘ Qiai’, and the
antibacterial activities of their secondary metabolites were the main focus of this study. The tissue culture method was
used to isolate the endophytic bacteria from roots, stems and leaves of Artemisia argyt var. argyi ‘ Qiai’ and then, the
antibacterial activity of the volatiles from endophytic bacterial fermentation broth against six common pathogenic bacteria
was assayed by the disk diffusion test. Meanwhile, the minimum inhibitory concentrations (MICs) and the minimum
bactericidal concentrations ( MBCs ) were also determined. Finally, the isolated strains were identified based on
phenotypical and biochemical properties as well as 16S rRNA gene sequencing.The results showed that, (1)among the
thirteen strains isolated, strains lzy-21, lzy-20 and lzy-1 have strong capacity of producing cellulase, protease and lipase
respectively. (2)The MICs of the volatiles of 1zy-20 and wnn4-3 to Escherichia coli, Enterobacter aerogenes and Bacillus
subtilis were all 16 pg + mL"'. The MBCs of the them were 32, 32, 16 pg - mL' and 16, 32, 32 pg - mL",
respectively. (3)The MICs of lzy-12 against Staphylococcus aureus and Yersinia enterocolitica were 16 pg + mL™ | and the
MBCs of them were 32 pg + mL"' and 16 wg + mL™', respectively. (4)The MICs of both lzy-17 and lzy-21 against
Y. enterocolitica were 16 pg + mL", and the MBCs were 16 pg » mL" and 32 pg - mL" respectively. Strain lzy-1 was
identified as Acinetobacter pittit, which was isolated from plants for the first time. lzy-20, lzy-21, wnn4-3, lzy-12, and
lzy-17 were identified as Bacillus altitudinis, B. koreensis, B. siamensis, Luteibacter pinisoli, and Paenarthrobacter
nicotinovorans , respectively. The above results lay a foundation for making full use of endophytic bacteria resources to
produce industrial enzymes, and further exploring the mechanisms of how endophytic bacteria interact with Artemisia
argyi var. argyi ‘ Qiai’.

Key words; Artemisia argyi var. argyt ‘ Qiai’, endophytic bacteria, enzyme-production, antibacterial activity,

16s rDNA

FE W) PN 2B T 38 AR T S b 5 — B Be sl A By
BOE SHAEAR Y 4 AL 285 B B3040 M 9] B PN Y — S %)
T A B AT B R AR B U Y, f4E AR
YT | N A BB RN P AR 4R B 4F ( Matsumoto et al.
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3 #E 5 B 3 (Artemisia argyi var. argyi
“Qiai’ ) R IAL A B X T A LR AR = A
TCHRH MR, FESCRE R A B RERE D B
(e S 58 % AT P A A T ) 0

BT R . KIBAT 180 ( Escherichia coli) 43 B (%,
% BR B ( Staphylococcus aureus ) | 7= <, W ¥F
( Enterobacter aerogenes ) . At 5. %f {6 ¥ & ( Bacillus
subtilis) B IEFT I ( Proteusbacillus vulgaris) Fl/N
ZE a5 B IR R 1K ( Yersinia enterocolitica ) Jp e
T T A B 28 T AR B 5 IR o R 5 255 L
WL AR

Bi Ak LB A SR FR L (1 L) (A K
10 g, BERHRIUM 5 ¢, NaCl 10 g, pH 7.0, A5G
¥y 18 g) F T SUAS [ 4 20 AR 0 i o3 B 5K
TEMEEFREE(L L) (RS ¢, M 10 g,NaCl 5
g, ATVAVETERS 2 g, pH 7.0~7.2, 505 18 g) (415
Frdk (LB [ AR FR A i A 119% K& 09 AR 95
Br) HERLESREE (1 L) R HERN 15 ¢, &
Fi% 5 g,KH,PO, 2.0 g,MgS0, 0.2 g,NaCl 5 g, Bifl§
18 g, MISRLE 0.2 g, pH 7.0) FIHIAE 1% 37 3 (LB [& {4
BEIRFEINA 19005 80)) 4351 FHIAR i 1667 3 oy Il 2
Pt 2 24 25 i FIR T 6 ) PR A 2R, B 1 R K B
FH(1 L) (FEHR 10 g,NaCl 15 g,pH 7.3~7.5) Jif
W/ AR R I SR [ B R OK B 3R 56 1 L, 1.6%
TR 5 LV 1.5 mlL, 20% HEA A TR (RS &
1), 209% % WA TR (R a0 A ) ] A B A
KB FRI (1 L) (%0 5 ¢, AR 5 ¢, K, HPO,
2 g,pH 7.2~7.4) WAL FRFL (L L) (EHWRS
g, WA 100~ 150 g, pH 7.2 ~7.4) FIFFRE R £h 15 95 5L
(1 L) [FrBm# 2 ¢, K,HPO, 1 ¢,NH,H,PO, 1 g,
NaCl 5 g,MgS0, 0.2 ¢, BitfR 18 g, 1% BB 75 H i
(PSR ) 10 mL, pH 6.8 7 4351l I o8¢ a#E 47 15| Wi ik
56 R W A I | 2 Mt PP R R R (VP
)/ H L 2T (MR K3 ) WK gt ik 6 A0y
1.2 7k
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AR TR R 3 B 7L v i SR ZE NI B DY AR A T
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WIFM T, 1 2.5% CE TR BN W= 0 i 5 2 min,
5% R ATREN T WIZ 025 BE AR 3 min, TCH KR I
2 min, JE¥ 3 W, IR BEAC 5% B K5 . %
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A L R D S O GRS B K P R
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1.2.3 16S tDNA & F A F % xR %k Ak
YL LR S DNA, DLTE AR % 5L DNA S AR, 1) 38
5%t 27F . 5'-AGAGTTTGATCCTGGCTCAG-3' Fl1
1492R : 5'-TACCTTGTTACGACTT-3' ¥ 4 1% #k 16s
rDNA FEH 25 L B SN A R AR 1 ML,J:\?%
S 4 1 pL, ddH, 0 9.5 pL, Taq DNA 2 & W
Mix12.5 pL, PCR W 2544 :94 °C A& ¥ 3 min, 94
CAEM: 30 5,55 CiB 2k 30 5,72 CHEAH 1 min, 3L 30
AMEHR, 72 CHEMH 10 min, HL PCR ¥ T 1% K35
JEpp e e b r vk, AR R SRR DB IR DNA F
B, M B i BE 2 FE AR T AR TR PR F
M, FRAEI 25 5 % 51 7 EzBioCloud (https://
www.ezbiocloud. net/ resources/ 16s_download ) B i vh
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AR R M X ( Yoon et al., 2017), % H MEGA
7.0 1Y CLUSTAL_W FHURE R#K 1Y 165 tDNA J¥51)
SRR SC AT 04 e 51 H 44T I, FE 6 Sk 19
157 Y] # 55, ks s, 1 MEGA 7.0 H iy
Neighbor-Joining HEHRA4 H R HEILA ;1 000 K BEHL
e 115 A 51 {H (Bootstrap ) LAl 2S¢ #EAL B
MY B {5 ( Kumar et al., 2016)
1.2.4 p L W AR K B R AF A M 47 KB PO R
i 396 TR AR T AL I AT S AR R 26 PR 7E T 37 C
WARKESR 12 h, 4% 1% 09 8 Fp & 3 A0 2 100 mLLB
WAk S5 37 €, 180 r - min", KB 5 d, #
PR AR, FE R R TR TR 12 1(V/V) I LB
WA e LN BE 28 A (B7 1L 4k) SR 1,
PR3 R, AT 3 WA B Y K OB, e % 28
IXAE 35 CWUE KM TR LR TR, EHXE
500 pL,4 CHRAFER ., WEEHFRE S, PR v
TE LB 3 BV i B o8 U R Rl 2, TE % &
RIZE A0 FAR b S5 BRI B A2 R 6 mm (1 K B W2 JE
YCR B — A UE4C R B m 8 pL R A 15k
T B0 PN A A TR R A8 3 A AT I O A
AR 0.3 mg - mL A RRE R AR BH M X IR
(+), SRR CERVE N BIEX B (-) . Br b3
HHERE T 4 CP B d,37 CH3: 1 d Jm,
EIF R E R O,

S0 < R Silva 13 1) 7 15 X0 7 155 TR AR & TRV
PR ) 0 S5 AR A T VAR 3 (MICs ) TR ARG RS T VR 3
(MBCs) #4177 I %€ (Silva et al., 2011), H LB X%
FRHNT AT 0 2 10 DA 0 0 TR bR e T R4 e )
17 2 fEHR R B4 (1.0.2.0.4.0.8.0.16.0.,32.0 .64.0
128.0.256.0.512.0 pg - mL™") , I T E 015K
MR, ERBE R FR R 50 pL 2y
107 CFU - mL™ XS I TR, B 3 AL IS 0 TR
F37 C . 180 r - min” BEFHFHIEIE 36 h, EFEE T
S R AR 2B K 0 R W B B Ak B B R MICs
MICs SE5 45 95, DN RE— Wk B2 A B2 ) 3k A v B
200 pL K5 =W 53 iR 7E LB Al b, T E WK
(7R AH R v B B 22 S MBCs

2 HER 50
21 BEREAENH B R

HReJa — U Ve IR BRI JC K TR Al LB P
B, BT 37 CHR 1 RBABUEYIE R, BT

FARERTAH BRI, 23 15 30 00 20 11 12 Sy e SN 38 e
ARSI 5 G BT 8, AR e — 3 i SE i
MR ZEAIM R B R 6.7 7 BRI AEANTA
2.2 FHIEEHRE DNA BIFZELAN 16s rDNA #1545 R

il TR R AE P 21 DNA $2IRES R ILIE 1. A, 2%
4] DNA 7£H 3k 1 AY 23 130 bp Bt it — 401 &
a5, nf LU T PCR 73, DIZEINZH DNA D
M, DR @ S % 27F/1492R, P15 3] T4 &7
PR BEZ 9 1 500 bp (¥ H M43 (B 1:B) ,
23 FIERERRFEHUDNER

X 20 RPN A AT 19 16S rDNA J7 51 BEAT 1L X
KB ARART - RIZE R N L ZTE Y 16S rDNA J3 51
Rl JEE D 100% , & WA E AT 36 A7 A 7] #4974 26 20 7R
PRI T ZEFNALAY 13 Bk A 40 78 1 B )7 91 4
2 %] EzBioCloud %% #& & ( https://www.
ezbiocloud. net/resources/16s_ download ) o 47 [
PEPE LEXE A 4 5 H RN KT 99% B bk, 4
i EA R A SR N A A s, gk 1 A
2 7, o 5T i 30 250 i v A Py A i
A1 6 J@ 7 B, 7390 0 25 AT B ( Bacillus ) 2 Bk A
AT B B ( Acinetobacter ) 1 ¥k R 5 i & 8
( Pseudomonas) 1 ¥k L /NFF B & ( Curtobacterium ) 1
¥R AR KT B B ( Luteibacter ) 1 BR A1 28 35 ¥ )@
( Paenarthrobacter) 1 £ ; U5 T 87 SCAR () P4 A= 4 T8
A 3 JE 6 B, 235 2F AAT IR R (Bacillus) 4 Bk
% ¥F % J& ( Enterobacter ) 1 ¥k Fl 1 2 AT W J&
(Siccibacter) 1 . Wi LAY PN A= 40 187 72 25 FH H Y
2RI LF- A [H], et 25 5 0 v iy o A A R A 2 R
HAH1E, HREAIS
2.4 THIE B bRAY £ B A L AFAE

XF O3 B ARAT 1 13 MR N A= A R AT T A
T REWE A e VP I8 A il A5 AR B A R R AR A
M 2) , w853 B bR~ B4 2R LI 3, WK 3. A-C
PRI Y Lzy-17 lzy-20 il 1zy-21 2 RE7E K SR 21
FR IR b7 AN TR /N B K Sk B, R B EAT
BIGe o WAL Ae 2 1, o 12y-21 P2 EF A R RG] i
5, KRB S R TE B L2 6.0 WIE 3. D-G
EIYE ,zy-11zy-9  lzy-12 yl| lzy-20 Y6 1 4= 1
SR b AR A T RIS 2 B K e B, R BB AT Y
REJTIBAE 1, L 1zy-1 0 12y-20 7735 1 B AE
o, KR ST AR LA R 4.0 AR 3. H
LU, lzy-1 GEAE ik i 80 AR b= AR 5T V%
HARWA N 3.5 By (2, R ARE 73 W R 1D
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A. Agarose gel electrophoresis of genomic DNA; B. Agarose gel electrophoresis of 16S rDNA amplification products.

B1 MEAEERFZE DNA 1 16S rDNA 1 45 R IR AE HE 5 L i vk B
Fig. 1 Agarose gel electrophoresis of endophytic bacterial genomic DNA and 16S rDNA amplification products
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Comparison of endophytic bacteria in different tissues of Artemisia argyi

Table 1

ZEFI FR A R P A A

Endophytic bacteria in stem and leaf

R AR A P A A T

Endophytic bacteria in root

JEARANBIFFIR Acinetobacter pittii

it A RS Pseudomonas psychrotolerans

JiE B /INFF I Curtobacterium luteum

IR RIS RFET Luteibacter pinisoli

W JE i T2ATHE B Paenarthrobacter nicotinovorans
e Mo 2 SRT B Bacillus altitudinis

i [ 25 AT 147 B. koreensis

PRI [CAFE B Enterobacter roggenkampii
INEEHE T HRAT TR Siccibacter turicensis

Bl [C2E FUAF B Bacillus aryabhattai

WD R TR B. siamensis

WEREZFMUFF IR B. cereus

FEIEPL AT 1R B, tequilensis

fitg, M 3.1 H AT LIE Y lzy-12 GETE 5 JE R F A
S EE AR A R 2.5 1935 WK fi P 2 0
HAE W TENT N
2.5 FIERMABRELZYHMNERR

PLH LAY 6 Tl JE B A Sl BEAR T, SR IR 4K
PRI R 7 32 TR e & R R R ) AU DR T R AT )
0 ZE R LR 3 R T 1zy-9, HoAY 12 bR TEE R Y
B ORRIRE B A 3o 08 M o5 o0 B B AR 1Y 92.3%
X KM HT TR | 4 B €04 40 BR A L 7= S R B L A
A E I NG EE R ISR AR IR A
POTEAE F ) AR 4> A 8.5.8.7.5.3 Kk, Hirr,
lzy-20 XF KA B =S M FF TR A B 2F 7T A #0
LA R B U A I B 5 P, wond-3 X K AT B A
RS AT TR AR T AT TR 38 5 A A X A 0 B
P Lzy-12 % 4 ¥ €08 45 BREA AN 245 W 98 A8 JK 7k
TR Y HL A 0 I A B 06 M L2y -17 0 Lzy-21 AR X
/N2 1 9 IS O A DG TR 280 ELAT B4 (R A A T 1

Xof ELA I TR AR 1Y) T R A TR A K O 1) e I
0 R R R B AV TR R R AT N, A Rk 4
JE7R , Horp 1zy-20 X KRG FF R 7 S AT B R A
ZEALFF R ) MICs ¥ 16 pg - mL', X =& 1Y
MBCs K K A 32.32 pg - mL”' fl 16 pg + mL',
wnnd-3 XF R AT TR | Al 5L ZF F6 T B RS I A 2
) MICs %18 16 pg - mL™ % = A9 MBCs #KIK
16 .32 wg » mL" 132 pg - mL"', lzy-12 XF 4 #5 (6
i 26 3K TR RN /N i 45 T A6 M R AR TR Y MICs 340
16 pg - mL", XF ZF ) MBCs 20514 32 ug » mL"
16 pg « mL"', lzy-17 F1 1zy-21 &BXF /N 45 W 4%
HB/RARECH ) MICs #1816 g « mL', — 3 X H
MBCs 73514 16 pg » mL'H132 wg - mL"',

3 Wik h5 &b

ASTUI 7 32K HRTR bl 2y B A 3 7.7
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82N LR 2E AT Bacillus tequilensis KCTC13622
100 | WEEEZFAUFFE B, subtilis subsp. inaquosorum KCTC 13429

VUGEHZFAM T B. velezensis CR-502 AY603658
57 wnn4-3
76

BB FHAE B. siamensis KCTC13613
lzy-4
EHERATE B. altitudinis 41KF 2b ASJC01000029

100 100 Vi) 13k 700478 B. xiamenensis HYC-10 AMSHO01000114

75wnn-1-2
100 it 3 AT B. cereus ATCC 14579
Wt B [CHEATE B, wiedmannii FSLW8-0169
100 |lzy-21
BEEFEAAFE B koreensis DSM 16467
A ZERIATE B, flexus NBRC 15715
wnn2-22
[l ECZEFAATH B, arvabhattai BSW22
REHCREEARUF BT B. zanthoxyli 1433

91y lzy-9
—lool{ JEE/MTE  Curtobacterium luteum DSM 20542

TEMWTEAF R C. oceanosedimentum ATCC 31317

67

100

BHARE R HAFE Paenarthrobacter histidinolovorans DSM 20115
100 || lzy-17

BIEE R T2RHMH P nicotinovorans DSM 420
46— MM BESEAHTE Luteibacter yeojuensis R2A16-10

100

95

100 WIER R BARFTHE L. pinisoli MAH-14
zy-12
76)lzy-1
100 | Br 4R ANSh AR Acinetobacter pittii CIP 70.29

0.020

98

EWMASIFTE A. oleivorans DR1
JEAG AR BN R Pseudomonas oryzihabitans NBRC 102199

100 |_|-1Zy-2
S2 i AR B P, psychrotolerans DSM 15758

71pwnnl-1
&|{ BYE G E  Enterobacter roggenkampii EN-117
B RJEFF I E. asburiae ICM 6051

wnnl-3

100 MR TAF T Siccibacter colletis 1383
100| |

100 VR 1AF R S. turicensis 508

3325 L EUE S 1000 WA RAE ST T A58, bR 0.020 Sk fbiE RS,

Numbers at the nodes indicate the level of bootstrap values based on 1 000 replications, bar is 20 nt substitutions per 1 000 nt.

2

ETF 16S 1DNA FHIMEH Y NEHMERERE ST

Fig. 2 Phylogenetic analysis of endophytic bacteria from Artemisia argyi based on 16S rDNA sequences

BRI 6 RINZEANTE , 16S (DNA £JFSII ARG LT &, LSRR, W 304 A 40 5 7 b R R
O3B KA BRI S5 R Won ORI T T AT AU A AL [R) A TR A P9 AR A0 R R # SEA 4
M-I AR S A 6 Jw T B ORIR TR HRAEREML M,

AP AR A SR R T 22 AN A Al A 1 M EAFHN 13 N AR P BB A ST



A-C. lzy-17 lzy-20 Fl lzy-21 7ELFAE R WIS 201G 2 3P 1™ A6 33 K iR B & O ; D-G. lzy-1 lzy-9 lzy-12 F 1zy-20 75 4= 574
LR WK RO s ML lzy-1 7655 1% 0 80 A9V 177 (OB AL ; 1. lzy-12 FESE R SR AL L7 1 5 WK A G 2
A-C. Hydrolytic circles produced on the cellulose Congo red medium plate by lzy-17, lzy-20 and lzy-21; D-G. Hydrolytic circles produced on
the milk plate by lzy-1, lzy-9, lzy-12 and lzy-20; H. White halocircles produced on the plate containing 1% Tween 80 by lzy-1; I. Hydrolytic

circles produced on the starch medium plate by lzy-12.

3 NEAECEBREN
Fig. 3 Hydrolysis of different substrates by endophytic bacteria

PR S HOE 06 R UL M B IR R BhFF T 2020) o AREELETIERI T BT MLST Budle 13 19 o 4R
( Acinetobacter  baumannii ) . 2 U AN 3 F W P, AR BT TR PR IR A28 T S K
(A. nosocomialis) ZL R Acb i A VR J& B 2 1 g N Fta o NZR IR B S A Sl AT TR B LV 2 28 T
YRR BEEPLAEZ S N, Mok g FEIE T, AZEAT BRI HHT T FE (Li et al., 2017;
B SR BT S W 2 T 25 4k (Wang et al.,  Wang et al., 2020) , HETEAR WALHIIE Y KRB
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Table 2 Physiological and biochemical test results and cell characteristics of endophytic bacteria
AL AL 45 Strain number
Physiological and chemical
characteristics Iy-1  ly2  ly-9  ly-12 log-17 120  lzy21  wnnl-l wnnl-2 wnnl-3 wnn2-15 wnn2-22 wnnd-3
WEWE A% Sugar fermentation - - + - + + + + [>) D (7] [S>) +
7 B A + + + - + + + + ) ) ) & +
Glucose fermentation
VP i3 Voges-Prokauer test - - - - - + - + + - + + +
MR {55 Methyl red test + - - - - + + + - + - +
B S 7K it + - + + - + + - + - + - -
Gelatin hydrolysis test
FrBERRFRIAEY Citrate test + + - - + + + + + + - + +
5|3 45 Indol test - - - - - - - - - - + - -
LY S Gram staining - - + - + + + - + - + - +
JE& Morphology BLFF BLFF LERIN Rt R R LERIN BLFF LERIN BLFF LERN LERIN AR
Short rod Short rod  Rod  Short rod Short rod Short rod ~ Rod ~ Short rod  Rod  Short rod ~ Rod Rod Rod
WG [EREN W EEO FiEE WA SR i R WE O OWEEA R [E ey
Colony color White Pale Bright Deep  Yellow  White  Yellow Pale Pale Dark Pale Pale Pale
yellow  yellow  brown yellow  yellow  yellow  brown  brown  yellow
A Protease - - ++ ++ - ++ + - + - + + -
55 Lipase ++ - - + - + - - - - - - -
L2 KW Cellulase - - - - ++ ++ +++ - + - + + +
FERYEE Amylase - - - ++ - - - - - - - - -
e R, SRR, @FRRIRTA
Note: + indicates positive, — indicates negative, & indicates produce acid and gas.
R3 NEHARRBRELZDNEIR
Table 3  Bacteriostatic effect of endogenous bacterial volatile oil
PN AE 40 TR 3 & 090 R 3R Bacteriostatic effect of endophytic bacteria volatiles
F8/RH Indicator
lzy-1  lzy-2  lzy-9  lzy-12 lzy-17  lzy-20  lzy-21 ‘lmilrll ‘l’vilrzl ‘lNilg 2“;n1n5 2\~in2n2 Xilg
KIGHFF & + + - + - ++ - + - + + - ++
Escherichia coli
SO AR ++ - - ++ - - - + - + + + +
Staphylococcus aureus
rEE I E + + - - + ++ - + + - - + +
Enterobacter aerogenes
A ZE AT 1R + + - - + ++ - + - - - + ++
Bacillus subtilis
G - - - - - - - - + + + + ++
Proteusbacillus vulgaris
N I 9 IR AR R - - - ++ ++ - ++ - - - - - -

Yersinia enterocolitica

W 0<P(CFHMEB EA) <6 mm,it H“-"; 6 mm<®P<9 mm,ic A+ 7; &>9 mm,id B+ +7,

Note; 0<®( Mean inhibition zone diameter) <6 mm, denoted as“-". 6 mm<®<9 mm, denoted as“ +

FERRIE , A B 52 43 25 159 B B 3R AN B AT I 1zy-1 &
TN o B B B AN ST, T i ER
W ( Pseudomonas psychrotolerans ) W 43 o Bk 7E —
FEAAME T AT LUAR dF 4 ) A K (Liu et al., 2017;
Kang et al., 2020) , B &5 /MT I ( Curtobacterium
luteum ) B B Bk ELA UK R 3 19 4E F ( Suhandono et

”

. ®>9 mm, denoted as“+ +”.

PR

al. 2016) , H. 5 F 75 5[] s 4b BB O57) AR RE A Rt vk
A2 HURR Y | I RE AR T A ARG A R O 4R e L
H (Bhai et al., 2017) . ZZ5 B2, A4 5
3] B4 T ¥4 {10 B ML T zy -2 R 9 % /N AT T 1zy-9
AIREEA e e AR AN AE BN (E ., H 2010 4 DL
K, XA JE R A B RN R W HGEE D, Akter Fl
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Table 4 MICs and MBCs of endophytic bacteria fermentation broth volatiles
FAKAM R ¥ Minimum inhibitory concentration( MICs, wg + mL™)
SR KA B ¥ Minimum bactericidal concentration ( MBCs, g - mL'l)
5
Indicator
wnn wnn wnn wnn wnn wnn
lzy-1 lzy-2  lzy-12 lzy-17  lzy-20  lzy-21 -1 12 13 215 299 43
KIntr i 32/64 64/128 32/64 - 16/32 - 32/64 - 32/64 32/64 - 16/16
Escherichia coli
AR O AR 16/32 - 16/32 - - - 32/32 - 32/64 64/64 32/32  32/32
Staphylococcus aureus
AT 32/32 32/64 - 32/64  16/32 - 32/64  64/64 - - 32/64 64/128
Enterobacter aerogenes
il 5 2F FAF IR 32/64  32/64 - 64/64  16/16 - 64/128 - - - 64/128 16/32
Bacillus subtilis
A - - - - - - - 32/64 64/128 32/32  32/32  16/32
Proteusbacillus vulgaris
/NS 1 5 HI R AR R - - 16/16  16/16 - 16/32 - - - - - -
Yersinia enterocolitica
T —FRIRPIIRET 0<D CEIIM T B A% ) <6 mm,
Note: — indicates 0<® ( Mean inhibition zone diameter) <6 mm at inital screening.

Hou (2018 ) MZLAM R B - 38 43 15 21— bk fil K i 1
HE B e R A B KT MAH-14, Balirus 55
(2019) XL R HEAT T A HE M T . ABHFFE 53 25
13BN JE R A B IRFT T lzy-12 W B A BRI 7~
MRS ZEE T RES 5 18 E RS 3,
B AT, XS T 2R AT A B b e,
Maeng 55 (2018 ) B VK M\ 5 [ 38 A 43 25 2] it 4 O
AW JE T T 281 FF R, T BE RE 4R i VR W X e
AT A2 P o 4 0, AT 48 D00 ke 5T 7 S0 N A 4
WG R T T 2 FF B lzy-17 o REHE & Hop 5 A9
FR5TaE

FHFTE B 2 N AE M IR E I Z —, &
b 26T AT 1% TR R 2 T A8 % S O e Y TE A
YIBTIAF (Li et al., 2019) , 7T LA 2 A B A1 5 48
it Xt /N A2 BB ( Yue et al., 2019) , BE4h, BT
AL AE f2 #E K B A K, iE BB B B 5 RE
( Kumaravel et al., 2018), MIKE & #4515 3|
i 3% 55 W BE S B 1 W RE ZE FF TR (B, cereus)
WSEO1 AL RE e #1023 19 AR 4K | 30 B 1 5 X
BB F A 32 M (Tang et al., 2020) . FE3EH7 254
FFE ( B. tequilensis) I & MR AN B ¥ 35 Al AG 25 9
SR A R EL P PR 1 A 2 22 TR R AR 30 BB 1 o e
TG B S AR E R 34 B 2B IS (L et al., 2018
Bhattacharya et al., 2019; Kang et al., 2019) , B
R ZEHIFT I ( B. aryabhattai) BB & 1T DL =5 76
Xof R BT A2 1 | i E TR 2 SRR A T 1y

KA QAR Y A A T B AR TS e - i
Jti ( Figueira et al., 2019; Yoo et al., 2019; Dash et
al., 2020) . B T B AR T, B IR ZF A AT I
H26-2 FIE% 25 FFF B H30-3 [R] 422 Fh A AL AT LA
PEHER SR K 30 RE DR fiff ey i AT 52038 (Jeong
et al., 2019) . ARG T8 ' ZF 1 F B 1Y w8 bk 7 AR
MHE LY AT UTEA T S A K R B O/ R AR 1Y
T 0T AL HEAR Y 5, ISR HE A A28 AR b 23 8 1Y
B IR TR CVS 431 0 A] 8 575 5 1 B A e o
B 6 4 L A 22 85 CVS | Al LA /0 Ha B 4 5
A H d 34 (Sihem et al., 2019) . Zhou 55
(2021) FYRIFFERBA , o [ 25 FAT I 181-22 fEfie ik
KREAA i iR ihin . FIRGE SR AR5 o
S B H ZE A AT A Lay-4 S RE ZE AT wonl -
2 FREPLZE AT HE wan2-15 B G ZE /AT B wnn2-
22 GBY ZE LR B wnnd-3 FlEE [E ZE AT B 1zy-21
A B VB A 0 A By A A TR

FEZK Ry BCTT WA A Ak AR 245 v a 4G i )
B T AT B ( Siceibacter turicensis) , B A1 5
WA G B9 BOW T 50 3 W AT I ( Cronobacter )
B A BT SR 2R, 2018 4 Lepuschitz 55 5 K
B 1 £ 98 285 1 TR £ 0 10 300 00 B A T AT
W, 2 HEUR 205 P (Sarah et al., 2018) , ASHF
FEoT B AT B 95 B A TR AT I wonl-3 A9 2E BT RE
WA TR — 2 0F5E . Sutton 55 (2018) A FH T 5 AL
XF & 2RI 14 1o A TR 91 R AT 0 A B, AR B
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WG FF 1 ( Enterobacter roggenkampii') & Bl 17 G
AT (E. asburiae) W [R] Cin], Bl 37 EC 17 4T B8 %) o
R AT LA 36 S 400 o) R ) WA I AT K A AR R Y
BEPE EA AL AR R AR AR A BT M BT G
JAAT R V-7 F2 & Pt 48 A I i v = A ) 8 it
M i B # R H A PUE (Mira et al., 2018;
Sutton et al., 2018; Gong et al., 2019; Zhou et al.,
2019) . A RRW] AW I 53 B A5 2 1) B AR G
[CIAAT R wonl-1 AT e BA AR BB IRE

ARWFSE 0 8 W TR R P, BRI AN SIAFIA lzy-1 5
RN R L )2 N S I AR L
TRFF BB B0, © 4B 09 5 FAT1 4 B 45 3 i
A 11BN A T () I B B AR 22 0 B A 25 B A AR Y
AW E T Re, R TE R B A R ISR P M AR Y
Biiit E B R B B ) T ROR % 5
DR, FR AT I, 37 S e 3 B AT 2 9 X 28 P A 2
W, S SO B by TR Rk R OR AR K
FER B SOR Z A — 7 /Y I, i) fE 2 78 K
e b P A T TR R O A A S A A 1 5 H X B
SE AT 32 5 R, B AT AR AT 1 7 SCA B B o3
Rt AT S B i BRI AL R A

SE .
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