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FRAZTkE F11.1G LLaREFEH, RFFEFZTHTX
X35 =12 1=

BRR S, TR KIER A, A, B, %
e

1 ERAKYE EaflrS5HAR%ERE, BdE FHi/R 843300

2 BEHRRE SRl S8R %BE, B FIHi/R 843300

3 BEHRR S BEEAZHAYREAP A EAESEEE, i Phi/R 843300

4 EHRKE: R AR IE BORE TR E S L0 = G I ), Wi Blhi/R 843300

E 2,4, 5&% 1,3,

Ll

FRK, BB, KIiESe, drh, s, SEw, K, M RBEKE F11.1G HESENA | fQH % Hr XA Y

FEAR[]. A YE R, 2025, 52(6): 2769-2788.
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Comparative genomics analysis, metabolomics analysis, and metabolite mining of Enterococcus faecium F11.1G[J].
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B E: [#%]1 EMKEA (Enterococcus faecium) LA 474 % ILE & B 691E ), I KR35

BHF A TAFAE F A KRR A RERSE, 2 EEMRE L AELE G X, /\’k‘i’}i]ﬂ%ﬂ
B#az3xE. [B89] AARKFHEAL DA ERADBRRL, P46 LM HRRTRMHERHA F11.1G
A A et ERM T W, KRMFEF ST ARILA NG REH £ 57, A LF BRI F T2
W, [HiE) 2ALREN 5 LAEAE QAT ER RN, RASGRAREF LRI E RS
%, HMEM FI11.1G éﬁﬁi:iﬁuz—é\:ﬁ%m BrEEEARMIKE TI0 Z e £ 57, Rigta
Fat AT R BATE R, MR TEMER IR B B RS T, [4R] B FILIG 28
FA4NFEH KA B A 3 AGHILE, antiSMASH 438 F TN 2] 7 3 AR B = AR %;
BRABMHAEREEN, AR FILIG 5E4 T110 A& S48 000, B4k T110 AT E) & H LR .
WA A B R RE AR, FRGRMAFEREY, RN EFRH =W EZEEF AR EFRT
k. BAR. AMEFRNESYF, TEBAK FILIG I A/ERAAIX. KRB F11.1G 69F HAK
WM BE A a-D-BF HME. 4- B4R, BEAE. KHE. —RAKGRERBK. 1-BLE
A EEEEEMR. [44] ik F11.1G A S RIAE ZRIFTBERBRMH S, 12
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Comparative genomics analysis, metabolomics analysis, and
metabolite mining of Enterococcus faecium F11.1G

BAI Tiantian'?, WAN Ying>‘, ZHANG Yanlong>‘, HUANG Dan?**, GU Haofei?*, PU Xuanxuan?*,
ZHANG Meng'?, GUO Xuefeng>*

1 College of Life Sciences and Technology, Tarim University, Alar 843300, Xinjiang, China

2 College of Animal Science and Technology, Tarim University, Alar 843300, Xinjiang, China

3 Xinjiang Production & Construction Corps Key Laboratory of Protection and Utilization of Biological Resources
in Tarim Basin, Tarim University, Alar 843300, Xinjiang, China

4 Key Laboratory of Livestock and Grass Resources Utilization around Tarim, Ministry of Agriculture and Rural
Areas (Co-construction by Ministries and Provinces), Tarim University, Alar 843300, Xinjiang, China

Abstract: [Background] Enterococcus faecium with the ability to inhibit common pathogenic
bacteria has gradually become an alternative to conventional antibiotic growth promoters in the
context of the antibiotic ban. However, the safety of E. faecium has aroused growing concern
with the expansion of its application. [Objective] To elucidate the bacteriocin-encoding gene
clusters, evaluate the safety, investigate the gene functions and potential metabolites, compare
the intracellular and extracellular metabolites by metabolomics, and mine the active metabolites
of E. faecium F11.1G. [Methods] Whole genome sequencing was performed to annotate the
gene information and predict gene functions of E. faecium F11.1G. The functional genomic and
comparative genomic approaches were used to analyze the probiotic and safety characteristics
of strain F11.1G and reveal the differences between this strain and the probiotic Enterococcus
faecium T110. Metabolomics was employed to identify the metabolites in the strain, and then
active metabolites were mined out through structural identification. [Results] Four virulence
genes and three antibiotic resistance genes were annotated for strain F11.1G. Three secondary
metabolite gene clusters were predicted by antiSMASH. The comparative genomic analysis
showed high similarity between F11.1G and T110, and no virulence genes, resistance genes or
pathogenicity genes were predicted for T110. The results of non-targeted metabolomics showed
that the differential metabolites were mainly terpenoids, polyketides, amino acids, and organic
heterocyclic compounds, which might be associated with the antibacterial effect of F11.1G.
Among the active metabolites of F11.1G, a-D-glucose, 4-oxopentanoic acid, verbascose,
stachyose, dimeric chelidonine, 1-hydroxy anthraquinone, and a very small amount of active
ketones were identified. [Conclusion] Strain F11.1G has the potential to synthesize antibiotics
or novel secondary metabolites and carries virulence factors and virulence genes. Its probiotic
properties can be exploited later by separation and purification of enterocin.

Keywords: Enterococcus faecium F11.1G; genomics; metabolomics; bioinformatics; functional
annotation; bacteriocin; metabolite mining
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HREE—TRERLT R,
HAEGM B EZE BG4, WIARY
7= BRI R i (Enter ococcus faecium) J& 34 >
[CRHME LR I, K& Wil & WA A e,
HA R W52 MR S Rer:, 7RI 4
O 7E & & M 18 AR TS BT R ERCR . BRI EK
ALY T 32 I P A R A XU 328 3 5 | B A1) 2
ML, DIELR] RBAFS A R I | Tt 2 PR AL 4 45
IRERERP, RIAERE EA T Z Pt E R w2k,
B BN T B8 9 SRR PR B ER B 4
ZME I, F R E SR A
Bl B v DR R T e B e R 2H 2, DT 2k sk
F s B I 5 R A R T, (RSN
D2 A AT 2 VA 2L IR TR R Y 32 T B . (HFE
FHEMERIS N FRZL IR, ARGy XA
o 3 T D AR XU 0 A AT — SRR, T A
PRI 25 100 B2 R fiE 6% 4 T A AT H A5 B PR Y i 42
e

AL FT A T 1 BRBEID ] UL A
T [ 2 1Hh 25 T (Aspergillus flavus) . 45 5 (0 5 A BR
(Staphylococcus aureus) 1 & 7 T 14 (Escherichia
col ) A K MR AR T F11.1GP), A H 40 2 5
FPRED R R OKFS A I b Rl kst Lk I
OV, B AT B TR W G SR A K R
IR R DT AR R T AR T, A
WS T 2 B 25 B XS TEA FH U E N &R
AT, AR AT 7E 4 AF TR R AR 1Y) 4 TR
L Nt A TR R TR RE AT R AR AL T REER
GAVETEAL, 35 5 A AR PR A ER TR T110 4K
FEHA, LIRS XTTER F11.1G 122V,
DA AT RE FLLAG f R e 5

A B ) A 4 2 A B — PP s R F R T
B, BB A AR B AU 0 AR A
SR, T H e s A AR AEEIR A 4
1 A T S AR g 4 Aas AR
G A 2= BT S E W E F11.1G M EA S
TR 22 AR, % 22 AR dE A 7 i R
L3t 5 o3 BB - BT 1S 56 A A AR F11.1G

PITE PR AT o . AEEOKEE, RA
PRI T B AR B B8 1 i g PR A =, LA
MR F11.1G T —2 53 g aifk K It & v
PEE BRI LA

i R

1.1 Hm

PRIGERTE F11.1G 35 BUAR R 2 8 BB
L S O AR DY, ORECT b R
Prfn (RS . M 2020793). KIGFFE AV
IR 74 (Salmonella) i 47 i L 1 1% HUR S )i 12
W7 15 97 45 S 30 2 4 3 T A A2 it
1.2 EFE. EEITFE

LB #5383 . de Man-Rogosa-Sharpe (MRS)
B R B E R IR AL, B A Y EORA
PR/ — H L M (dimethyl sulfoxide, DMSO),
PER B AR 233 (R R A AR AW LR L
s . HBERI NG, KEBuE b0 A BR A |
A DNA $2B0LH &, RARARHE Jba) A
AW, @E TS, Bl mRET A
WA IR F 5 g K, B2 S By Rt
BABRAA; TRHEIR IR &, LR R
H AR/ A ; Waters Xevo G2-XS QTOF /&4
B, RFFIEARM (A BRA R B
VA €0 3% - 15 0 5 - IO A AT I ) S5 Bk
¥ (ultra high performance liquid chromatography-

ion mobility-quadrupole time-of-flight mass
spectrometer, UPLC-IMS-QTOF-MS), “ZHE2H}

AN E; HERZERAL, WK RN
1.3 E#ENLS DNA 2EL

Z Wt B S AT AR TR AL, # 2% (1K
FUYBOER T 8 mL #ifk MRS B3%Ed, F
37 °C. 180 r/min REREFE 36 h, TEHBGLF
1x10® CFU/mL B} 14 000 r/min &.0> 1 min, #]
FHZN B DNA 2507 & 3R B (8. DNA, 31
B I i, KRS T DNA A 5 A8 e 38 4 3
1.4 EFEBNF. BEXREFBES T

B 1.3 Urit S DNA R X 2L AR A
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WFHEA BR S vl R4 T 4 B D 2 I e 43 B o A
BluePippin #E47T B AR F Bk, 58 B SCE Y
Fyadt, JEid PacBio -5 AR AL 51, i 2=
AN A B reads JE2H2EHAIE, 2R
HiFiASM!"E 7 A 2135, SR HAT Prodigal
v2.6.3" tRNAscan-SE v2.0!'% | Infernal v1.1.3[13)
Island Path-DIMOB v0.2I'" il RepeatMasker
v4.0. 5 BRI gD R . AERAS RNA (tRNA
FITRNA), B . BB P gA T At . 0 1
A Circos v0.66! 122 il 5t X 21 J& 1A .
141 ERAIhEE TR

K H GO (http://geneontology.org/). KEGG
(https://www.kegg.jp/) . eggNOG (http://eggnogdb.
embl.de/) ., CAZy (http://www.cazy.org/) ., ¥iz
Eﬁj\%ﬁ%ﬁﬁﬁ(trmsporter classification database,
TCDB) (http://www.tcdb.org/)ifi i Diamond i
17 Hb X (E-value<1E-5), 3 Eb X5 4 imn ) 25
R (ERIA identify>40%, coverage>40%)#E1TIIRE
P52 8
142 FNHBURME S

K 9 IR s 2 5O AR B )% (pathogen  host
interactions database, PHI-base) (http://phi-blast.
phi-base.org/). #% J1 K F% 4 % (virulence factor
database, VFDB) (http://www.mgc.ac.cn/VFs/main.
htm) . Z% & 09 Bt A R PUME R OO R
(comprehensive antibiotic research database,
CARD) (https://card.mcmaster.ca/)ifi i Diamond

HEAT FORT, 12 B b DXL ARG 1 2 e 1 AR B
55 TS BN RS R, X F11.1G R A&
A PEUR R TE E R A OCE . TRAE
B ) R FIHT AR R B AR OC KR R 2R AT T
1.43 SY6 B E R R RN E R K
Tl

i1} antiSMASH v7.0.0 (https://antismash.
secondarymetabolites.org) X} £Ji] & %k K 41 J¥ 51|
P A 0 o R R A 7 0
1.4.4 LLEERB S

KPR F11.1G 5 8 A 65 A= B R R A BR
T110 (GenBank % 5527 CP006030)iE 1 7 Hb A At

KIZH 73 #r . @1 Workbench 12.0.3 55 A FRIEIAY
V- $5 B 7 R — UM (average nucleotide identity,
ANDfHE , 2% ] MUMmer # 44 (v3.23) He X5 i b H
b 527 BN Z [ PR G R o SR LASTZ
v1.03.54 PUFE R Z [\l Zy 67 . 38 K 5 i +5]
B X 5
1.5 RiGHZFEN

M4 1.3 ok Fk 37 °C. 180 r/min R4,
PR 537 36 h EXFHUER W, MAMRETPIRE &
I PN ARG 4 R 1 A = Bk S U7 0y ik ik
1o BRI AEF YR A RA R TR
A0 1) AR 18 40 %% (non-targeted metabolomics,
LC-MS/MS)¥5:il

L EAE : K- 154 Waters Acquity I-Class
PLUS H SR AH A% R Waters Xevo G2-XS
QTOF m4rHE i, ity Waters Acquity
UPLC HSS T3 {fi54E(1.8 um, 2.1 mmx100 mm), {7,
WM S B Bk vk

J i S - K58 Waters Xevo G2-XS
QTOF o3 BRI, HiME 55 1 2 (electrospray
ionization, EST) & FIR S 4SO AL 1k
1.6 i~z
1.6.1 JEMKE YIRS EFZEE

I 10 g Rk F11.1G %8405 5 200 mL
LR TR . WEEMZBKIEGHS, BIRAH
FARCN AL B, C 31X 3 41, RAMFEN 40 kHz
R P KR AL FE 30 min, #E 1 h 5
0.22 pm JEMEE IR, WOARIR T LBRUIVE , FRRF
3 B S B TR 28 AT, T 50 °CHER
M IER AT ERE 2 AR, I 3 d
K, HERAAR
1.6.2 X ~=PHIEE MRS

W22 1.6.1 ZBOTET A R H DMSO # i
>4 10 mg/mL A, LA DMSO AXHRZH(D),
KIGAFRE AT IRE 43 3R LB 8573
LGSR B AT G AL, (0 P A B K A
FRA WA 1x10° CFU/mL, HU 100 pL 4875 H#
WIAIRAT LB i, BRCEIJCHE 2 B4R
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A (B 6 mm), 55lbRric A, B, C IFiEIn
10 pL FEIAE &5 X3 BRZH A% 10 uL DMSO %
WHIUEAt R, bRl DAl fF TG, 37 °CHigR
24 h, PEATI0TR FE ELAR A I A
1.6.3 So#FRE-FIEHEALERHR
g5 FE

¥ 1.6.1 IR 3 RS R THET 1 mL
ZIEFRTEZ) Y, 10 000 r/min 250> 10 min, H
5 uL EIHHANA 1 mL ZJEHESR, FK 10 000 r/min
B0 10 min J5242 0.22 pm JEMEIE, BT
Y) M 55 B R, A UPLC-IMS-QTOF-MS
AT RIS 53T

2 BERE504
2.1 EFEBEAKREE

YOEFIEER F11.1G HA 37 449 i
reads, PR JEN 8 646 bp, FEKIZ ¥4 reads
BBERL 3 4 contigs il 3 /> scaffold, [Hfk
F11.1G 3EHH 4K K 2 495 379 bp, H 1 Y
AR (2 706 618 bp)All 2 4~ FRL(181 929 bp Fll
21325 bp)d i, G+C Fitly 38.2%, RIGFEK
FEAARE A 1A o, Btk FI1.1G A
2790 M Emh LA, FIIEPIK SR 894 bp,
£ 61> tRNA F1 69 4~ tRNA, FEHU H 11 43k
K%, BKE 152356bp, HIEREE TS 41,
FWE I A& 2 4 F1 CRISPR 541 4 4~
2.2 B# F11.1G EEThEE T
2.2.1 GO BUBEINEEERE

M 1B Al A, AR F11.1G 354 2 181 4
FE RS GO ThRB B, i A L1 78.17%.
GO [HBLER EL 4 =KW, A5
(cellular component)H 3 K 5§ & iz 22 19 o B 45
¥ K 43 (membrane) ;  7E 43 F I fiE (molecular
function) " 3 K 45 i B 22 1) A AR AL 15 PE (catalytic
activity) JIiE; TEA: )71 # (biological process)
thJE N A& i 2 19 o R A2 (metabolic

process).

2.2.2 KEGG ¥iEFEINEE TR

HI& 1C AT, Wtk F11.1G 3£1% KEGG £
AETERLINIEE 1 440 4, FEAFE =K%
%, W5 B Ab ¥ (environmental information
processing) 214 /NFEA | i % (5 E AL H (genetic
information processing)f 186 >3 [A Hr FEAC 1
(metabolism)f 748 ~FE[H .

2.2.3 eggNOG HIBEFEINEE T %

HE 1D AT %1, Btk F11.1G 384 2 279 4~
FERAS eggNOG FERFRE, o Fr A 56 [ E A5
o 81.69%, Ho37y 20 AN2ERL, b b HUETRH)
H . KA A Wiz A AR (carbohydrate
transport and metabolism), 249 LA, 5 EH
Bl 10.79%; %% (transcription), 191 ~3E[H
hi e HL ) 8.28% 5 & il . EE 4L A& & (replication,
recombination and repair), 178 3L, &
Bl 7.71%; — ML GE Fti 3 [H] (general function
prediction only), 206 A, &L 8.93%.
224 CAZy BUBFEINREER

HE 1E "I, ERK F11.1G 2R F 8 T
CAZy FIGHIFH 117 AR FibD i 8 s
I, LA K f# B (glycoside hydrolases, GH)
49 A4~ WEILEL L (glycosyl transferases, GT)
26 4~ RKALE W4, S5 (carbohydrate-binding
modules, CBM) 19 4~ /K AL & liENE carbohydrate
esterases, CE) 14 4~ , Z W24 f# l (polysaccharide
lyases, PL) 5 /™l Bhi% ¥4 (auxiliary activities,
AA) 414~
23 BHEBHEMESH
2.3.1 PHI-base HiEE T

HIFE 2 AT, PRk F11.1G Hhdbf 863 4
SEN13 %) PHI-base XCdls e e, Horp, 2742
S E R S 5R (E B J1) [increased virulence
(hypervirulence)|3E A 54 1>, 58748 8055 TG
(reduced virulence)FE K 577 4>, 2748 FEEUK 113
% (loss of pathogenicity) 3K 33 4>, 48 FEEIL
(lethal) J& Kl 28 />, 2878 T A 52 i BUiK )
(unaffected pathogenicity)J& K 14814, A8 FEfb
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A: RNA processing and modification (0)

B: Chromatin structure and dynamics (0)

C: Energy production and conversion (77)

D: Cell cycle control, cell division, chromosome partitioning (27)
E: Amino acid transport and metabolism (142)

F: Nucleotide transport and metabolism (72)

' G: Carbohydrate transport and metabolism (247)

H: Coenzyme transport and metabolism (41)

I: Lipid transport and metabolism (53)

J: Translation, ribosomal structure and biogenesis (148)

K: Transcription (191)

L: Replication, recombination and repair (178)

M: Cell wall/membrane/envelope biogenesis (134)

N: Cell motility (6)

O: Posttranslational modification, protein turnover, chaperones (65)
P: Inorganic ion transport and metabolism (124)

Q: Secondary metabolites biosynthesis, transport and catabolism (17)
R:

S:

T:

u:

V:

W:

58

3

5‘9“.:*,“-4 =
SLERB
EEEEEE B II!IIIIIII ENEEEn

General function prediction only (206)
Function unknown (422)
Signal transduction mechanisms (57)
Intracellular trafficking, secretion, and vesicular transport (17)
Defense mechanisms (55)
Extracellular structures (0)
Y: Nuclear structure (0)
Z: Cytoskeleton (0)
Not COG annotated (511)

B 100 — - 2181

S

g 10— 4218 8

8 g

oy i

ks g
—

5 2

£ g

5 ]

e 1 422 =

L

(-

0.1 - 2
STTESFLEEEE M2 S2DE555 8852058555255 58
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C

Phenylalanine, tyrosine and tryptophan biosynthesis [l 9

D

Frequency

Protein export [N 14
RNA degradation [N |3
BascD{:\i(Xiswrll' repair [ 11
replication NN | 6 R :
Homologous recom%ination I 0 Genetic mtormagon
Mismatch repair [N 20 processing
Nucleotide excision repair [N 11
Aminoacyl-tRNA biosynthesis [ 2 5
Ribosome I 56
ABC transporters [ 03 . .
Bacterial secretion system I 10 Environmental information
Phosphotransferase system (PTS) [ 7 () processing
Two-component system I - |
Alanine, aspartate and glutamate metabolism [N 13
Arginine and proline metabolism [l 7
Cysteine and methionine metabolism [N | 8
Glycine, serine and threonine metabolism [N 15
Lysine biosynthesis [N 11

Amino sugar and nucleotide sugar metabolism [ /2
Ascorbate and aldarate metabolism [HEE 10
Butanoate metabolism [l 8
Citrate cycle (TCA cycle) [ 8
Fructose and mannose metabolism [ /4
Galactose metabolism NG 8
Glycolysis/Gluconeogenesis [ /| 3
Glyoxylate and dicarboxylate metabolism Il §
Pentose and glucuronate interconversions [ 15
Pentose phosphate pathway I 23
Propanoate metabolism [N | 4 .
Pyruvate metabolism [N 25 Metabolism
Starch and sucrose metabolism [N 23
Methane metabolism [ 16
Oxidative phosphorylation [N 19
Biosynthesis of amino acids [ (2
Carbon metabolism [ 5O
Fatty acid metabolism [ 13
Peptidoglycan biosynthesis [ 22
Fatty acid biosynthesis [N 13
Glycerolipid metabolism [ | 7
Glycerophospholipid metabolism [ | 5
Nicotinate and nicotinamide metabolism [ 8
One carbonj{yool by folate [N 10
Pantothenate and CoA biosynthesis [l 10
Selenocompound metabolism [l §
Terpenoid backbone biosynthesis I 13
Purine metabolism [ 5 5
Pyrimidine metabolism [ /4
L 1 1 1 ]

0 3 10 15 20
Annotation gene ratio (%)

eggNOG function classification of consensus sequence _ A RINA piocessing il tiodtfication 10, 0%)

¥ B: Chromatin structure and dynamics [0, 0%]
B C: Energy production and conversion [77, 3.34%]

400 - B D: Cell cycle control, cell division, chromosome partitioning [27, 1.17%]

¥ E: Amino acid transport and metabolism [142, 6.15%]
¥ F: Nucleotide transport and metabolism [72, 3.12%]
B G: Carbohydrate transport and metabolism [249, 10.79%)]
300 - ¥ H: Coenzyme transport and metabolism [41, 1.78%)]
B [: Lipid transport and metabolism [53, 2.3%)]
B J: Translation, ribosomal structure and biogenesis [151, 6.54%)]
B K: Transcription [191, 8.28%)]
B L: Replication, recombination and repair [178, 7.71%)|
® M: Cell wall/membrane/envelope biogenesis [ 140, 6.07%]
B N: Cell motility [6, 0.26%]
¥ O: Posttranslational modification, protein turnover, chaperones [66, 2.86%]

B P: Inorganic ion transport and metabolism [129, 5.59%]
B (): Secondary metabolites biosynthesis, transport and catabolism [22, 0.95%]
100 - ® R: General function prediction only [206, 8.93%]

#'S: Function unknown [422, 18.28%)]
® T: Signal transduction mechanisms [58, 2.51%)]
® U: Intracellular trafficking, secretion, and vesicular transport [23, 1%

" . I I ] #'V: Defense mechanisms [55, 2.38%]

e e [ e R e e e R e e B e s B iR st Ve

B 'W: Extracellular structures [0, 0%]
ABCDEFGHI JKLMNOPQRSTUVWYZ  ®Y: Nuclear structure [0, 0%]
Function class B Z: Cytoskeleton [0, 0%]

200 -
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E CE11.71%

CBM 16.4%

B AA: Auxiliary activities
0 CBM: Carbohydrate-binding modules
@ CE: Carbohydrate esterases
AA 3.12% O GH: Glycoside hydrolases
B GT: Glycosyl transferases

® PL: Polysaccharide lyases

GH 42.18% PL 4.68%

GT21.87%

1 F11.1G EFRANEEFTME  A: Wbk F1L1G ENABEE . SMNEERIER LIRS kb); 5 2 A
55 3 BRI A gt e s, ARBUEAERA R RIRE A B 26 4 BIURER Y] 5 5 B
tRNA 1 rRNA; 55 6 BF/R G+C &k, H NN G+C-Skew 6. B: FEbk F11.1G JEFH4 GO HifglE
B C: BkE F11.1G 241 KEGG ThReH B, D: Hitk F11.1G ZEH 4] egeNOG TREH B, E: Hitk F11.1G
S CAZy BB R .

Figure 1 F11.1G genomic function prediction map. A: Map of the F11.1G chromosome. The outer circle
represents the genome size in 5 kb; The second and third circles represents the predicted coding sequences
(CDSs), and the different colors indicates the different clusters of orthologous groups of proteins; The fourth
circle represents the repetitive sequence; the fifth circle represents the tRNA and rRNA clusters, blue is tRNA,
and purple is rRNA; The sixth circle represents the G+C content with light yellow and blue color, and the
most inner circle represents G+C-skew values with dark gray and red color. B: GO functional annotation

diagram of strain F11.1G. C: KEGG functional annotation diagram of strain F11.1G. D: eggNOG functional
annotation diagram of strain F11.1G. E: CAZy functional annotation diagram of strain F11.1G.

Chemistry target: resistance to chemical (2)
Effector (plant avirulence determinant) (21)
Lethal (28)

Loss of pathogenicity (33)

Increased virulence (hypervirulence) (54)
Unaffected pathogenicity (148)

Reduced virulence (577)

1 1 1 1 ]
200 300 400 500 600
Number of genes

L
0 100

2 Bt F11.1G £F4H PHI-base TN 521
Figure 2 PHI-base functional annotation diagram of strain F11.1G.
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#Hbr: it b2#PE(chemistry target: resistance to
chemical) 5] 2 A, A8 S B A () JC 75
PLE K1) [effector (plant avirulence determinant)]
FEH 21 4
2.3.2 VFDB HBEINEETF

i1 1 A4, L identity>80%1E M ik 4514,
PRk F11.1G L s 4 435 W, #9135
SR . AW R . TR A BB R )
(microbial surface component recognizing adhesive
matrix molecule, MSCRAMM)FIJw 34 25 [ AH 5 o
2.3.3 CARD HiEFEINEEER

H 2 Al bR EE 4 i CARD £k ds
FEERE] T 3 A2 AEEE, H eatAv 2551
F PR 7 BR AT Y A= 78 ABC-F V. 28 R 25 11 2 i 3 [H]
) —F AL, XIARATBERE . BEFHE R A
FIAREL N H- 22 204 R HAPUPE(LSaP KA,
msrC 7EIR W BR A 3R 35, S g 4 4 14 11
ABC-F WRKGE T, X205 %5 RKRANEEZER
BEFH R B 25404 R 24 5 AAC(6')-1i J2 11 BR A
rh L o PR b (1) S S 2R S R T
2.4 6 RE FERANRRA G EE
3

Rl 3 AT, FERIBR F11.1G 19565 1 406

F=1 F11.1G EFASHERIFBRLER
Table 1

& L) T 3 AR GACE IR L, 50k
KA NTE H 55 K (cyclic-lactone-autoinducer) | I
ARG B (non-ribosomal peptide synthetase,
NRPS/NRPS-like) . III i 5 [l 4 i (type 1II
polyketide synthase, T3PKS), ¥JARXfHF|52Z
FEALAY ORISR, DhEeR Al
2.5 HERERYE
2.5.1 EREHEZMSH

W RPE F11.1G 543 2B bR T110 22284
FEIHEAT HEXF 40T, g SR il 7 2 A4
FER2H ) — S0Pk S AR v TR AR F11.1G F T110
FILLRPE T 45 S ILIE 4, Bk ANI 2l 97.73,
T ML AR ] SR 2O R, AL N 4 3t
LB R, 2 PRIFASEN AL S AL, (H
FAAERNEG . G S5 A T
2,52 EERASEERD R

RIAERT T110 A58 38 AR YL AR K /NNy
2693 877 bp, Sk F11.1G KR4 A/MHY .
FMk T110 2 —FaE8om MR AT, LR
(pEFT-110)K Ji 2}y 44 086 bp., Fikk T110 4 5L
HEFRE 2 626 DUt IEA, 66 1~ t(RNA, 18 />
rRNA, 4 PMEEHE . wik T110 A0 30EE /)
DRT T 2 25 DR R S P 2 A . antiSMASH i 2]

Annotation results of virulence genes of strain F11.1G

Gene 1D Gene Description

Predicted function E-value Identity (%)

GEO001301 sgrA Cell wall anchored protein SgrA

GE002118 Acm Collagen adhesin precursor Acm

GE000404 bopD Sugar-binding transcriptional regulator, Lac I

family
GE002005 clpP

ATP-dependent Clp protease proteolytic subunit ~Stress protein

Adherence; 1.04E-101 99.30
Biofilm formation

Adherence; MSCRAMM 0 96.50
Biofilm formation 0 86.30

7.37E-119 81.10

F2 FI1IG THAHERERFRER

Table 2 Resistance gene annotation results of strain F11.1G

Gene ID Gene Resistance

Product

Identity (%)

GE000628 eatAv Pleuromutilin; streptogramin;
lincosamide
GE002487 msrC

GE002109  AAC(6)-Ii

Streptogramin; macrolide

Aminoglycoside

Mutated form of the wildtype eatA ABC-F 98.80
subfamily protein
ABC-F subfamily protein 97.15

Aminoglycoside acetyltransferase 98.90
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&n.ﬁH antiSMASH version 7.0.0

Select genomic region:
(o~ €D EED 1) EIB)

Identified secondary metabolite regions using strictness ‘relaxed’

Contig00001 &
| ’ i |
| i B =
2 4
Region Type From To Most similar known cluster Similarity

=N  cyclic-lactone-autoinducer & 458 357 471,488
=L NP cyclic-lactone-autoinducer & 1,339,922 1,360,655
| T3PKS B 1,749,851 1,791,005
EELGONEEE NRPS-like &, NRPS & 1,966,881 2,026,291

No secondary metabolite regions were found in these records:
Contig00002
Contig00003

3 E# F11.1G EFHR) antiSMASH X5 R
Figure 3 antiSMASH functional annotation diagram of strain F11.1G.

mForward_chain ®Colinearity ~ © Inversion
WReverse_chain  ®Translocation M Tran+Inver
0.0 0.5 1.0 1.5 2.0 25 3.0 Mb

Contig00001 Contig00002 Contig00003

Strain
F11.1G &

J

s TR T

NZ_CPO06030.1 ] ~ NZ CPOOGO3L.1

0.0 0.5 1.0 1.5 2.0 25 3.0 Mb

4 B F11.1G 5E# T110 A& 5
Figure 4 Synteny analysis of strain F11.1G and strain T110.

T 4 PRGBS H (A 5), JE7 %, s 2.6 RIFEFEINLGE
IR NEE A 75 Sk (cyclic-lactone-autoinducer) 43, 2.6.1 X4 FEAL 53 537 (principal component
TrAERER) RRE JUZE (RRE-containing) . #ZHHA S analysis, PCA)FI1E 3wz N Z3EH 5 5347

o R (orthogonal partial least squares discriminant
1 135 Z -
B F G 18 i £ Bk (RiPP-like) il T3PKS , analysis, OPLS-DA)

RiPP-like %I b 25 2 ALY £ HIZE [ 7% RiPP, M & 6A 1) PCA 134 LIE H, 3 Mk
AL 33%. 2 (quality control, QO)FEA RIS, KU HHR
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% antiSMASH version 7.1.0
L____]

Select genomic region:

(- €D EDCDED = EDED)

Identified secondary metabolite regions using strictness ‘relaxed’

CP006030.1 (Enterococcus faecium T110)

1 3

o s B

Region Type From

ENEM  cyclic-lactone-autoinducer & 148,122
2L W cyclic-lactone-autoinducer & 433,098
REL M RRE-containing & 760,298
RELI S RiPP-like & 1,310,029
Region 5 T3PKS & 1,377,122
L[ cyclic-lactone-autoinducer & 1,789,894
RELICLWAN RiPP-like & 2,259,046

5 Bk T110 EE4H antiSMASH LE X 45 R
Figure 5

A EE R DU T E—2 20 1E | 5185 OPLS-DA
350 EI WL 6B, 6C: OPLS-DA BEI{E EST
XM ESIHEET RY Il Q7Y (08 1, RH
2 MRS A R A A g ) B AT T AT . AR
TR R AS S R TR () B 4k B 45 2R DL &) 6D,
A AR B RF LA N T RE ), BT
BERVAT &, AT T 22 AR A 0 22K .
2.6.2 RGVIBEEIR

KEGG %#i 2 VE BRI B #k F11.1G g A A
Yy 766 K 22 AR YT T KEGG &4 734,
e TA o, EEERF] 12-0 14-A1 16-J0K
N 6 A= 1 & B (biosynthesis of 12-, 14- and
16-membered macrolides) . 117 E i3S 7= 4 4= ¥y
4 i (biosynthesis of type II polyketide products) .
12 Tt 0 HC At il 28 -8R A= ) & A% (ubiquinone and
other terpenoid-quinone biosynthesis) . 2179
E 144 B (staurosporine biosynthesis) . Jig i
fifi 4E K (fatty acid elongation)% 2% 0¥,
B 7B A0, SRR AR 8 JE i (top 20), EE
Ry HAh YR AR 0 A= ) & B (biosynthesis of
other secondary metabolites) . i 2 Fl 5 il 24X 14f
(metabolism of terpenoids and polyketides)Fl4%

5

m| ] l

[
To Most similar known cluster
168,845

453,700

781,425
1,320,238
1,418,276
1,810,627
2,279,112

Similarity

camobacteriocin XY & RIiPP 33%

antiSMASH functional annotation diagram of strain T110.

FLER 15 (amino acid metabolism)%5 .
2.6.3 ERRKEIDH

& 8 B, Hkk F11.1G MRt
2 354 Fhe S W AU, 45 1 263 FCE
KA EE IR, 1091 Fik A B N IE[P<0.05,
%5458 (fold change, FC)>1, VIP>1], iy
P 22 F A0 Y J& dGDP . CDP- 4% 4 5 |
dTDP-5-— Fl B -L-#i 2 i . UDP-N- 2, 5t Jifd B¥
WE-L-N = R % s M b T R 22 AR 2
LR . B, L-RARE . TR K S
2510 5 o 25 S R Wt o AMR 0 A7 7 B 25
St JF H 2= S AR S A b A S RN 2R i
XK. EEmR . Y. BALR . AL s
W&, XL G Y nT Be S5 R AR F11.1G M 1E
FHARE
2.7 R~ 4Z4E
2.7.1 R~ EE M RIS

M B MK 3 Fis, B, C X KT
WL T TR A BRIMEER, A LI
EAR AN, B —E M EER . W
D TR E A, HEBREERIRT 3 AliE AR
P R A0 B A R S
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A B
Scores (OPLS-DA)
30-8 B
40 m /\
20+
BI
. B2 10+ A3 B
= G o 2
I of . :XNP = B
i B3 = 0 AD
=, ‘B =
o 3 = Al 2
S QC “lok B3
—40 |- —20r
JL- 1
! -30+
= QC- 1 1 1 1 1 1
-150 -100 =50 0 50 100 150
(J(
_goL_1 ol . RY RY oty UGB%) pMSEE pre ort
-100 0 100 0954 1 0.999 0 1 2
PCI (75.50%)
C Scores (OPLS-DA) D
10 izl RSN B @ ; -8
B
30
A 0.8+
20 . [
BI 0.6 -
10+ % i
s & 04f ' :
l?:/ 0 Al E .'l" ]
‘a A3 >_ 02 I~ | "
- &
-lor 0.0
AT —02}
*RYY
—30F 04} . . «OrY
e T 00 02 04 06 08 10
RX  RY Y t1(83%) RMSEE pre ort Correlation coefticient
0928 1 0.998 0002 1 2

6 AEX BENKEHPEEAHN A ALX B AW FERS 201555 E; B: A X% B 414G
Py 1E 1 7 LSS M /N — R A T I (BSTRE . RPY=1, Q7Y=0.999); C: A 4ix} B M7
AR IR AL G die /N 3R F S o i A IRI(BSTAR L : RPY=1, Q?Y=0.998); D: A 4iXf B ZH1E A fhi i
INTIRTEF N TR R B ARG S . A1-A3: BBR F11.1G JESMUBIY; B1-B3: HHk F11.1G IR
W5 QC-1-QC-3: JEHFEA,
Figure 6 Metabolite data analysis for group A vs. B. A: Metabolite principal component analysis score plot
for group A vs. B; B: Metabolite positive ion mode orthogonal partial least squares discriminant analysis plot for
Group A vs. B (ESI" mode: R°Y=1, Q°Y=0.999); C: Metabolite orthogonal partial least squares discriminant
analysis scores plot in negative ion mode for Group A vs. B (ESI” mode: R?Y=1, Q?Y=0.998); D: Permutation test

of orthogonal partial least squares discriminant analysis model for group A vs. B. A1-A3: F11.1G extracellular
metabolites; B1-B3: F11.1G intracellular metabolites; QC-1—QC-3: Quality control sample.
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A
®
Biosynthesis of 12-, 14- and 16- membered macrolides
3 -
Count
. 20
A .
s *30
@2 . w4l
T Biosynthesis of type II polyketide products 3
—log,, P
3.0
Ubiquinene and other - %(5)
terpenoid-quinone biosynthesis ) ) {5
i Fatty acid elongation 1.0
Staurosporine biosynthesis
| 1 | 1 |
1.10 1.15 1.20 1.25 1.30
Rich factor
B

Arginine and proline metabolism
Tryptophan metabolism
Cysteine and methionine metabolism

Amino acid metabolism

Neomycin, kanamycin and gentamicin biosynthesis
Biosynthesis of various antibiotics

Biosynthesis of various plant secondary metabolites
Indole alkaloid biosynthesis

Biosynthesis of various other secondary metabolites

Biosynthesis of other
secondary metabolites

Amino sugar and nucleotide sugar metabolism Carbohydrate metabolism |

Arachidonic acid metabolism
Biosynthesis of unsaturated fatty acids
Steroid biosynthesis

Lipid metabolism

ABC transporters Membrane transport |
Metabolism of cofactors

Porphyrin metabolism Co
and vitamins

Biosynthesis of 12-, 14- and 16-membered macrolides
Biosynthesis of type II polyketide products
Diterpenoid biosynthesis

Carotenoid biosynthesis

Metabolism of terpenoids
and polyketides

Purine metabolism
Pyrimidine metabolism

Nucleotide metabolism

]
0 10%

7 Bk F11.1G ARSI BIEETRE A W FI1L1G A2 R KEGG &£+
B BEARR izl B b e AR B2 S A R s AR T, ARAR Il P-value, mUREE
2SR B: B F11.1G ARSI KEGG 118

Figure 7 Database annotation of intracellular metabolites of strain F11.1G. A: Bubble plot of KEGG
enrichment factors for intracellular differential metabolites of strain F11.1G. The horizontal coordinate
is the enrichment factor of the differential metabolite enriched in the pathway, the vertical coordinate is

the pathway P-value, and the size of the point represents the number of differential metabolites enriched.
B: F11.1G intracellular metabolite KEGG annotations.
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20} ccor i
Peonidin 3-O-(coumaroylglucoside) _
Indolylmethyl-desulfoglucosinolate _
isonicotinoyl-NAD adduct [ G
UDP-2,3-dideoxy-2-acetamido-3-acetamidino-alpha-p-mannuronic acid _
15t pe 1610170 I GEsE
2'-deoxy-5-hydroxymethylcytidine-5'-diphosphate _
4TDP-5-dimethyl-1-lyxose [N Ese
UDP-N-acetylmuramoyl-L-alanine _
oF N
i Regulated
5 I -0 [18:0/18:1(112)] O
_ (8E,15E)-1,8,15-heptadecatriene-11,13-diyne
_ Nordihydroguaiaretic acid
_ All-trans-nonaprenyl diphosphate
0 1 1 1
=25 0 25
log, FC

8 AN BEERFKREMERERFLE

Figure 8 Differential metabolite differential multiplicity bar graph for group A vs. B.

#z3 FAREEFERAXNHKREFIHEHINEEER
Table 3 Metabolites with different extraction methods
and the mean inhibitory (mm)

Group Escherichia coli Salmonella
A 5-8 6—9

B 10—12 12-13

C 11-12 12—-18

D 0 0

272 KIS S HRIEEHEE

K 9A-9C 43510 A 41 2 TR £ Tig #1143 B AR gt
FER S . B A B S AR P R
L C KA B A Y B I, L —5
TSR AT, PR AR B AR, AR
BTIETIR D, A HBKE RS,
PRRPRL OB L OKIRHE . REAME . IR E SRR
B 55 22 Bl PSR A o S A B A g

ST . AL . a-D-UAIATRE . Bk
FURSEERAL . 1-FR 5 RS 5 C A
Yo E KRB . SRRN R M . TR . RN
R T 2 R 20 9 T
3 Wit
3.1 =EFENF. ELEEFEE K
HEDH

S BRI LU S e 2 A, A ks i 2 Y
AR PIRE, 13 i T B B KR e 0, (H
B, A LR R M BR T R R S A B B I Y
g LA, X LA S 25 A TR B 1 PR e A i)
PUAE Z 2GR 1 3R 5 20 B B AR DE R0,
PN 7 T 24 1k 2 40 T 7 MOAE T8 B i o e A
(), — MR ERS s 20 AR A 245 P )2 i i
R . G FOR R AT RS RS A
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A - 5| Item name: A | 8e6 L' Item name: B

€ Channel name: i Channel name:
1e6 | .| 2: TOF MSe (50-2 000) -6 eV ESI-(TIC) L6e6 | 5. TOF MSe (50—2 000) -6 eV ESI-(TIC)
R 14e6 [ b

= s ~ 1.2e6t —

£ 7e5 = I

§ 6e5 § 1.0e6 |

O 5e5 O 8.0e5H |

= 4es s = 6.0e5}
3e5 4 ‘ 4065k
2e5¢,]| ll

100 000 J| ) J\\ 2.0e5 T"'k L L
0 b . e — /‘1‘ L (1T e — ! _— t-\ A_ _.m-l‘
2 4 6 8 2 4 6 8 10 12 14 16 18 20

10 12 14 16 18 20

Retention time (min) Retention time (min)

¢ ow o Item name: C
1.4e6 . Channel name:
o 2: TOF MSe (5 0-2 000) -6 eV ESI-(TIC)

1.2¢6
1.0e6 |

8.0e5

o
o
@

h

TIC (counts)

4.0e5¢t

: |‘
,Ju‘l \\|
0.0 & i v

2 4 6 8 10I214161820
Retention time (min)

2.0¢5 P

RS B: W EAEAS™
BE B

A: LR CTRAG ™ ) — 5
o BT K (total ion chromatogram, TIC):

9 ANEZEEEREE = —R L EE
% FFEIE ;s C: AR Y — g
TR T TS

Figure 9 First-order mass spectrum profile of metabolites from different extraction methods. A: First-order
mass spectrum profile of ethyl acetate extract; B: First-order mass spectrometry map of the metabolites
extracted from methanol; C: First-order mass spectrometry map of the water-extracted metabolites. Total ion
chromatogram (TIC): Spectra of all ions in a set mass range.

243 A K R it = A Y i an e S pE TR
P SE R 2 7 B BR TR -5 HAth 200 B 22 () HH B K F
FLINEERS (i A 40 TR SR AG i 25 1122 l%
B = Tirf 24 35 DR 0 RT 2 B 1 0 e R 2 O 2ok
ﬁﬁﬁﬁ%%%&m#omﬁﬂ%kﬂ,ﬁ%
FILIGXT IR KRER ., BHR . 4% K. ER
MR R R 2, At 250 5 s 1y
FHCTH 25 BE AR G, eatA & BRI Bk B 4 K 1Y
LSa-like LA, eatAv /&1 eatA 485 |#1y, *f

MATIEREZE . BEPHPE 2 A A JE I B Z 2 b A=
R EAPERY, T RRIE T o BR A 9 7E T 24 3 [
msrC, i AEKEXT R IF N ERZREFEEH = B 28
PR A KRR 5P, Besh, AAC(6)-li
FERWIE—ARSFRA B gt I £ T
R, HIRT TR S B R MZAAE R
A FH (P20 msrC ] BE 4 i K FR N B 2 24
YIRAMESE , XM R . HH R A FIRKIEH
BEA 2 Wit 24, 2 TR Bk V41 B 28 A i 2 11
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JE PR PRI, F11.1G FAAE T 24 35 P DA K sk
SRRSO, R K BTG AL B 45 HoAl Y b
FITA R A XU .

B ) T TE AN TR B YL 1 e T . (R 28 Flps L
AAp e A wEAER], SR Y
L. MSCRAMM FIN A FIAHSG . sk A Y
B J1 A F 40 4% 3% 17 & 11 (Enterococcus surface
protein, esp). % I Z (cytolysin, cyl). L» N A2 T
REY
(aggregation substance, AS). B[ (gelatinase,
gelB)FET. WHSEIESERE JIRAE N BN eyl AS Al
gelEP7 BEfK F11.1G R A EiRA 7. H
J&, PR F11.1G #4708 7 8 1 1235 5 Acm,
PN AR S EE Acm, 25T 5EE
1 5T B HoA A= ) AN A A 1 3 TR R B DL S A
PIRE R B, 66 B 2 S e o 7 v ) — A DG B
2, R EREAE  A T  EE AREZ —8,
AWIEINT, 1S16 Al 1E Sy BE Bt 2 F M 24 7 T ik
M TRINAR &, (HER F11.1G AR5 1S16,
PR F11.1G 55106 PR B PR DX 43 1 S P21 AR 413
B EERMTEE ., YRR N 5 R U
HBt= 1S16. esp Al hyl 7 1L B, W] 3EE K
24, IF A AR RS R PO I i T Rk
F11.1G Tk i 2 4y

PRIIERE T110 J2 A A rhJr 5t 1
e AERENR, JTEZHT A shiymk™
FEEHC . BRIAERE T110 R P03 s AH 56 5
o HEBENA R BLE PR F11.1G 5 T110 2N
HIR/NHY, BRRMDRGOCR B, B A
JEAL . TEBUR P B & BT T, WPk F11.1G 5
T110 AR E] T cyclic-lactone-autoinducer #l
T3PKS. Cyclic-lactone-autoinducer & i & [H %
Ry HOMU R B CEE R A, R LA™ AR T IR e o
AR S N A A A 08 T A B AT ] 5 2R
fill & i (polyketide synthase, PKS)HIAEARZ A K
& R (non-nucleic acid peptide synthetase, NRPS)
SE AR A A L AR R, T LA R
PUARE . U EC TR 251 G T R A A R 2 A

Ji (endocarditis antigen, efaA) .

WF5E PG 25 0077 s T3PKS & — it DA Tk Jik i ity
A TR E R EAEYITEYE . S5 2R Z i S
VIl 2 2R TR 2 A A S PR
18 LR L3R 7 7L AP (Lactococcus lactis subsp.
lactis) LL16 JE[F 41 H1(%) T3PKS Xk ] j=4: H
AEMZENMERD, Bk TI10 F0 2] rY
RiPP-like /& —F A& BRI IR S B 1 B
PG Z IR R, B ZE PR
BUL, FTLAVEF T A0 RE T R, iR BN 1
FHBSL, R4S 2 Fh B REA BLHT A 4 5 A L PR e L
AR H R F11.1G FHXT Bk T110 B934
REJIR IS IA T — 5T . #E F11.1G MR AR
gt X (coding sequence, CDS)$#% %] " NRPS:CDS
complement (23521..39411), NRPS Z 5 ik
AR, HEERIIREE ST IRES & . 46 .
BERALEE 456 . A= B 1-Bhin %~ T 448 i
PEEE 14 A 0T, 5 Wi ot & s NRPS SR,
I UE AN VE R, M UiEH F11.1G iR I Hi s
YER R

ta AR AR R B T AERLE K, iR
ARE = A A HLER . AEh . R A
TR RS B kR F11.1G 2R 22 S0
S5 1 BRI P A= 6 i i R E AR AR IR
WG RGE %, 5 antiSMASH T 25— 3,
AIRESPURAR G . AR ) FQ I A 2 25 SR R B T
Pk F11.1G FINAA7ESE D-FLIR . AR AK S| 3
MERR . SEMERR . B RIS . 3-M5| e LR | HfEVE
il A, 4-FIEEER . AR, RE . A0S
AR TR F11.1G A I VE . A
BILTR (7L 2 R 2R FL IR ) 3 A3 4975 JiL 4% 40 it i o)y
RESR RAEMAEER, SEUEESEMER . 415
WEMER . RRAET-BY, 3545 Ak py sl
MREEOT RS | RS L MEIESS | DRIESS S
YRR E A R IR, MRS 2R A
i FH I A B A 22 K A 2R A I R AT AR A
A, M BV E 2 A WA A T L
AR . L-h AR EENR RN, M AR
A AR AR G S AR P (R A ) 2
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e T EL A PO TR 6 PR R B4 FE F11.1G R
FEAEZ Rl s A ) 2 15 0 e s 2 ik A
A B % RN A5 ol A W e A A B B, LI 2R
A B A B M B PG 2 A e R R AR A
PEETE . WFIEUESE, VF 2 & MR A7 16 ] fE
BT P T BB 2 KEE (I R 2 5,
PR K (L2 S 0 -L- T 20 R ) 2 A W 3% 7 1
I FEEAL A Y, BERETR VI6R3Y1 7 A L4524
- L -t 22 DA T R B 4 T R R T P ) TR R
F11.1G N A9 2= AR v %0 Hh 280 k(22
R R . L B - . 2 - &
Wt 2zt H =R 5E), "IRER M E R F11.1G
HAMEEEMRE Y . BRI ELAN, Rtk
FI1.1G N 2R P E R, WFIRER . 5
BE. WEER B, BIER%E, UANKREK,
HaRE., LKMEE. BER. TVER. I
. FIERER. RRERFZMIUEREDE
B %, ATREWE T T R BRI RE T .
3.2 KRG~

B M BR B e PR A AR AR B, Rk
AWIR P EZRIE, BT AR AR
FEE, A LIRSS, BA
REERFFTEMAE, RIBERE F11.1G rh4yEs %
& TS A P AL HE . B A AEHE(C30Hs52006)
JE PR, HAaPAM . ik, #
SR UM AT A R R L
VUM S5 A (K DR 2 D a-BRLBESF L 1A
o-HIE B A 1A B ALk, HAR
AIRE . AR AR K AR e PO, BRI 1)
ek B W IE TR s i AR e e I T
B, BB TR s T AT R T RE M .
Tii SARE A DU SR, B R AR B AR Y B
PERGA, YR H B A BT ) KSR S SR e
SRR RO, 455 BRh R 5 BHA B A
PR, BUR . ZMRIR. AT SRR S EHN | ER
J 38 A AL AN B DA B 2 s PR | FRWE AT I
FE B TR, HAE R PR T RE P Bt 5 o
P FEEE A o H HTX LR A A R A s T o 32

PR YIRS Y, A SCERER A, DS 2R
fFT % (Bacillus thuringiensis) PJP10 7 f* iturin
GJUFPAE B R P, BRIAERE TRSS I 40
R EMIKE R enterocin P FEPY 5@ R4 2%
TERR FI11G BN E R R MR R B,
R REPAERIS™Y, AR R . ISR,
PR R K KRB R EZMPi A R AEY G L
B, BERSEBIAERED R, RS
Jr B3G5 590 DA R 85 i e 91 PRl T A P AS T
FLIR T AR A 43 2545 30 SRR 2 A DG 5%
b AT il . FEARI AL =T, TRRR F11.1G X e 3
ZMER 2 AU, BT RN . ST .
SEAZTE MR L-1-BREIRR AN L o-1,5-L-BTHi (A XL
B BFPHE . dTDP-D-# %5 B . D-20 3L A5 A B 4 .
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