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REBFHRITRAZL RIS, KA SHBEA | MABABRG CRLEBHEZFEATF IR
BH I EZAMAEMSL, MALT 4 BREAFIL MRSA AMEFEM, RAHLTTHEEBALT
Streptomyces fulvissimus KTA1 #=#h & & A H Aspergillus fumigatus YNFS A #% &M@k, [4£]
BARETEBILWRE GEFSE T K BEHAMRFHRAEN LA BAFOHF S5, mELEA—28
FAFRAHRFTRITRS ). ABFR AT A G R4 54 ALY kR 6 kA Y FRIF L AR 5 R4
AR THHHEET L.

KB : HRERES, ZORK;, KRLRZHK; REBEY, fd;, RAEDE
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Abstract: [Background] Bacterial biofilm is a major factor causing bacterial resistance and recurrent
nosocomial infections. But up to now there have been no effective anti-biofilm drugs. Rhizosphere
microorganisms of some plants in high-cold, special environment can produce large quantities of active
components which can improve the host immunity, and are thought to be a medicinal resource with great
anti-biofilm potential. [Objective] To understand the rhizosphere microbial diversity of Astragalus
yunnanensis and A. tatsienensis var. incanus growing in Baima Snow Mountain, and to screen cultivable
strains with antibacterial and anti-biofilm activities. [Methods] In this study, metagenomics and
traditional culture-dependent methods were employed to explore the rhizosphere microbial diversity of
A. yunnanensis and A. tatsienensis var. incanus from Baima Snow Mountain in Deqin County, Diqing
Tibetan Autonomous Prefecture, Yunnan Province. The microplate assay was conducted for determining
the antibacterial and anti-biofilm activity of these cultivable microbes. [Results] Metagenomic
sequencing indicated that the rhizosphere microorganisms of A. yunnanensis samples belonged to 6 phyla,
7 classes, 8 orders, 8 families, 9 genera and 10 species, and Thermus was the dominant microflora. The
rhizosphere microbes of A. tatsienensis var. incanus samples belonged to 6 phyla, 8 classes, 10 orders,
11 families, 14 genera and 15 species, and Bradyrhizobium was the dominant microflora. A total of
145 cultivable strains were obtained by pure cultivation, including 112 bacteria and 33 fungi. Among
them, 59 bacterial strains of 16 genera and 35 species and 19 fungal strains of 4 genera and 5 species
were isolated from the rhizosphere soil of A. yunnanensis, with Streptomyces, Pseudomonas and
Aspergillus being predominant. The other 53 bacterial isolates of 16 genera and 29 species and 14 fungal
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isolates of 3 genera and 4 species were derived from the rhizosphere soil of A. tatsienensis var. incanus,
among which Bacillus, Stenotrophomonas and Aspergillus were the most abundant genera. For the
screened microbes with antibacterial and anti-biofilm activity, 51 bacterial strains and 7 fungal strains
were chosen at different species levels as representatives to explore their potential as medicinal
resources of natural antibiotics. The crude ethyl acetate extract of the fermentation broth of 5 bacteria
and 1 fungus were demonstrated to have moderate to strong activity against Gram-positive pathogens, and
4 strains of them showed anti-biofilm activity against methicillin-resistant Staphylococcus aureus (MRSA).
Finally, two microbial strains Sreptomyces fulvissimus KTA1 and Aspergillus fumigatus YNF5 were
considered as the promising bioactive strains. [Conclusion] It is reported for the first time that there is
abundant species community composition in the rhizosphere microorganisms of Astragalus plants distributed in
northwestern Yunnan province. These cultivable microorganisms could be regarded as a great medicinal source
for the exploitation of natural antibiotics. This study was significant for utilization and protection of

characteristic plants-associated microorganisms in high-cold, special environment of northwestern Yunnan.

Keywords: high-cold, special environment; Astragalus yunnanensis; Astragalus tatsienensis var. incanus;

rhizosphere microorganism; antibacterial activity; anti-biofilm activity
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B 0.024 g, NEIFERGN 0.3 g, Bl 15.0 g, 7%1%
KERZTL, P75 pH 2£7.0+0.2, | ARHIMAE
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Table 1 Geographical location and physicochemical properties of rhizosphere soil samples from Astragalus

yunnanensis and A. tatsienensis var. incanus

SR Y b A pH HHE 2R/ 268 &8 AR HAR AR PEp &

Source Geo-location OM (%) TN (%) TP (%) TK (%) NH,-N NO;-N AP (mg/kg) AK (mg/kg)
(mg/kg)  (mg/kg)

Astragalus 28°23'N, 7.59 38.14 1.07 0.26 1.03 49.57 11.07 36.94 103.35

yunnanensis 99°10'E

A. tatsienensis 28°25'N, 7.52 41.29 1.58 0.21 1.26 55.44 20.57 2591 152.37

var. incanus 99°12'E
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A H JE VI (dimethyl sulfoxide, DMSO)¥% fi#
BRI E 25 mg/mL (40 #)EE 50 mg/mL (E
)7 H
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ME

FRORAR IR . 2R Agilent 12605 {4
4. Agilent ZORBAX SB-C18 (% 5 um,
4.6 mmx250 mm); A3EFM: JE 1.0 mL/min,
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JE 12.5 pg/mL W7 B RAE N HPERTIE . BT
37 °C EFEEESE, 24 h J5FHF E2WT, A
ABUKHE PBS W B VR 3 Ik, FEEBRN
WAK, 37 °C T4 30 min 5 ESLITA 1 mL
HI45 TH22(0.1%) 8 & 10 min, DLFK/DNOWETE
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2 BEREAW
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A W) AL 4 DNA, %4 Picogreen % YGA M,
= EHPR 1 DNA Bl 0.386 pg, 9456
WEN 772 ng/uL; KB E M BR 11
DNA B8 0.410 ug, “86HE A 8.20 ng/uL,
R b BT R A A s B DR 2 T
22 ETFRERANFHITZEEESK
ERTERRRHMEDZ SR

ffi[f] GraPhlAn 735 E =B S KE
Jo A2 B FEAR PR E W VR 4540 23 S (B 1), T
XF 25 P K B R U R AR PR IR P Y
#4325 BT (operational taxonomic unit, OTU)
TET A AR HEAT I SRR (5] 2) . Al 2 f
N, TENVKE, mE s ERRMAEY) SRR T
6 N1, Hr, SHEREE-WI#AE T ](Deinococcus-
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I'] (Actinobacteria) . ¥ % [« | ] (Planctomycetes)
1Al Ak 12 5E B 1 (Nitrospirae) 3t 5 o 99% LU
SR - > I U < I E DG 2 T B0
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1. R I FIRE AR ER 1200 5 FE 3.85%
3.67%M1 1.76%, ZZ L[ ](Chloroflexi) 5 b AY
0.96% . MK EREE W MR AEY FERE T
TR, W ERE-AET] . L ET] .
FEW ], K] (Chlamydiae) 5485 1,
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12.33%. 6.69%F1 4.16%. = Fd B ECARBRYIFI
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IR R B AR BRI AE A - B e i H
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O: Polaromonas sp. 1S666
P: Variovorax paradoxus
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Bl1 ETF GraPhlAn HIZFERASREREHEKB)RMFLBERSAS X ZRRE
Figure 1 Phylogenetic tree of the Astragalus yunnanensis (A) and A. tatsienensis var. incanus (B)

rhizosphere soil samples based on GraPhlAn.
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Figure 2 The microbial composition of Astragalus yunnanensis and A. tatsienensis var. incanus rhizosphere
at the phylum (A) and genus (B) levels analyzed by metagenomics methods.

23 ZEHERKSREREEREVRERN
& YTh e T

i il KEGG GhostKOALA 7EE #HL %} 7 R
B PS5 K B B e B EE AR PR B AR W A R RV A 2D
REFEATHUIN (R 2), =M BT S KB RRE B AR
Prode P B 2 b, A R A e ) A 3 A
AR5, FEEEENU G RARBE A
W& 7 T o RS AR Y& AR SR 2
s 2% 28 ) A W) & B (terpenoid  backbone

0.02%) . 7 M Ik A 00 il A= ) 45
(isoquinoline alkaloid biosynthesis, 0.01%). K
b . WREE 5 A W) i (tropane, piperidine
and pyridine alkaloid biosynthesis, 0.01%)j%%
5 2% 04 ¥ & i (streptomycin  biosynthesis ,

0.01%) 8¢ Ho At A= Wy 5 BT %A B 1 6 8
PERTE = B R KB R E B B PRl A iy
YR M, A 28 B A M BT e

B o

biosynthesis,

K2 TZHEKSKREREHEXRRERLIEREY KEGG ThEt iR

Table 2 Functional annotation of KEGG in rhizosphere soil microorganisms of Astragalus yunnanensis and

A. tatsienensis var. incanus (%)

boiiize il ZHEK KB B RE TG
Functional category Astragalus yunnanensis A. tatsienensis var. incanus
181 %42 Metabolic pathway 1.41 1.03

UAAR W14 A 6 0.46 0.32
Biosynthesis of secondary metabolites

AN TRV R H Y ol A= P A 0.40 0.30

Microbial metabolism in diverse environments

ABC iz%i ABC transporters 0.19 0.14

B R 4914 i Biosynthesis of cofactors 0.18 0.12

#4X% Carbon metabolism 0.15 0.10
WA 4y 7 58 Two-component system 0.14 0.10
IR K HE )5 ), Biosynthesis of amino acids 0.12 0.08

14 X34 Purine metabolism 0.09 0.07

MAPK {5518 # MAPK signaling pathway 0.08 0.06
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MRS RS, LaEms 12 %, 8T
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MR 19 HARPREE SR FiEE . 55
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J&(Trichoderma), 3t 4 J& 5 F; KERFE HER
14 $RARPREL 4> 5 R T s . 558 )E R
7% )& (Tolypocladium), 3t 3 J& 4 Fh. A& EHE
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M7, FLARBR AT R % ih 2 & s R H i H 38k
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IR AR S

SR LA A AT 7 FE DAL 5 Al 57 40
FT A5 S A W BE TR A LR 8 SR e, AETTKF
b, SIEFR R ARG R T R A I
PR LA — AR . ilan, ASBIFSE R R A
e 5t 43 B 45 F A 3 00 B 15 3 1 = B EEAR PR At
A RAR AT T AR TE B T1(50.85%) 5 il £k T4
I7(33.90%) 7E 7= FE PR 2 I 45 S vp R o A 1
BHAL BT W TH XS F R 42.15%, R
AT R 3.85%); K B B A2 B FE AR PR T 4%
TR T TR TR T 171(60.38%) 5 4 141 1]
(15.09%) 7E 7% & P 20 I 5 vt [R) A o A (0 34
PTG R T T FE N 44.35%, BRZRHTTH
XN 15.72%) (HNEX —FKF B,
SR R 30 2 0 ) S 1 2 T B S K T R
PR PR A W T 2 A b oy S S S A P TR
J& o AR MM TR JE L 02 A MR R - T IR
J& %, AR RE R S B S 4 B IG FR ROR 4 B 5 3
2.5 BEERRRAIEFMERERE =
B AN E A TE

LR T OB AT B R AR E 51 Bk
BRI 7 RR LR R R ) LR L B MR R 1L
RS VENE , R B4 TR AR K BRI Y TR TR
HUR B X w04 FRE ATCC 29213, i 48
PO (AR ATCC 43300, PRI
W ATCC 19115, R A% BKE ATCC 12228, 3%
WAERTE ATCC 29212, WRIGEKE ATCC 35667 . i
FIEMIATHE ATCC 6051 KM CFLAEBRE ATCC
13813 4§ 8 Mo >2 [CFHPE R R I —E M BTG
PR 5 53R 6)0 (IR PTIKLR B X 2 [ I
iz A PAOL 5 R IE ATCC 25922 47T
A S A A FH e IMITRTHR 2K T 100 pg/mL).
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*3 CHAKSKEREERRIRABEFAAEEKRER
Table 3 The information of culturable bacterium isolated from Astragalus yunnanensis and A. tatsienensis
var. incanus rhizosphere

He i Il B Yy fh IrES BRS AR
Sources Phylum Class Species Isolate ID Accession No. Similarity (%)
Astragalus Actinobacteria Actinomycetia Arthrobacter YTB23 MK318572.1 100.00
yunnanensis bambusae YTB14  MK318572.1 99.85
A. nicotinovorans YTBI11 FN908760.1 99.92
A. nitroguajacolicus  YTB20 KR085875.1 99.92
A. pascens YTB3 MT373553.1 99.92
YTBI16 MT373553.1 100.00
Brevibacterium celere YTB6 KU147446.1 98.09
Microbacterium YNBI KY775496.1 99.85
hatanonis
M. phyllosphaerae =~ YTAS MF541529.1 99.58
Rhodococcus YTB4 MNS826591.1 100.00
gingshengii YTB19  MN826576.1 100.00
Sreptomyces cirratus YTAL MTO083993.1 100.00
YTA2 MT083996.1 100.00
S. colombiensis YTA13 MW391680.1 100.00
YTBI15 MW391681.1 100.00
YTAS MW391681.1 99.92
S finlayi YTA3 KP718539.1 100.00
S. fulvissimus YTA9 NZ CP054926.1 98.94
YTA12 LC551891.1 100.00
S hypolithicus YTA4 JQ422166.1 97.89
Bacteroidetes Flavobacteria Flavobacterium YTB7 KF704084.1 99.52
hydatis
Firmicutes Bacilli Bacillus subtilis YNBI13 MF590152.1 100.00
YTBI MT487700.1 100.00
YNB16 MT539995.1 100.00
B. thuringiensis YTBS 0K394047.1 100.00
YNB20 NZ CP076542.1 100.00
B. velezensis YNBI15 MT626060.1 100.00
YNB19 MT649755.1 100.00
Exiguobacterium YNB4 MT367809.1 100.00
acetylicum
Proteobacteria Alphaproteobacteria Brevundimonas YNB21 MK737369.1 99.91
bullata
B. vesicularis YNB7 MN758851.1 98.72
YNB10 MN758851.1 100.00
YNBI17 MN932333.1 100.00
YNBI12 MNI181159.1 100.00
Sphingobium YNB6 LC506140.1 99.92
yanoikuyae
Sphingomonasolei  YNBS5 MN559812.1 99.52
YNB18 MN559812.1 100.00
GED)
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Betaproteobacteria Delftia acidovorans YTBI12 NZ_KN046795.1 100.00
YTA1l MN173541.1 98.16
YTBI10 MK414884.1 99.93
YTAG6 MK414884.1 99.85
YTA7 MK414884.1 100.00
Gammaproteobacteria Acinetobacter YNB9 CP037424.1 100.00
johnsonii
A. calcoaceticus YTB2 MNO911371.1 100.00
A. rhizosphaerae YNBI11 MT386200.1 99.09
Enterobacter YNBS KT766065.1 99.85
cancerogenus
Pseudomonas YNB22 MKO070159.1 100.00
helmanticensis YNB23  MN758778.1 100.00
P. jessenii YTB21 MKS883111.1 100.00
P. lini YTBS KF704098.1 99.92
YTB9 KF704098.1 100.00
YTBI18 JX122159.1 100.00
P. mandelii YTB22 MNS865165.1 100.00
YTB17 JN637321.1 100.00
P. migulae YTBI13 MN758789.1 99.63
P. putida YNB3 MT114497.1 100.00
Senotrophomonas YNB14 MH669295.1 100.00
maltophilia YTAIO  MT605300.1 100.00
S. rhizophila YNB2 MHS828345.1 98.82
A. tatsenend's Actinobacteria Actinomycetia Arthrobacter KNBI11 JX122169.1 100.00
var. incanu nitroguajacolicus
Microbacterium KTB13 MT533951.1 100.00
oxydans
M. phyllosphaerae  KTB3 MT533897.1 100.00
M. resistens KTB1 MK517595.1 99.77
Sreptomyces avidinii KTA9 NZ_BMVL010000 99.77
53.1
S cyaneofuscatus KTA3 EU841567.1 99.92
S. fulvissimus KTA6 LC551891.1 100.00
KTA1 LC551888.1 100.00
Firmicutes Bacilli Bacillus cereus KNB14 MT611946.1 100.00
KNB17 MG966498.1 100.00
B. subtilis KNB16 OL477457.1 100.00
KNB23 MT539995.1 100.00
KNB3 MT539995.1 99.93
B. subtilis subsp. KTB6 MT538485.1 100.00
subtilis KTB9 MT538485.1 99.93
KTBS8 MT538491.1 100.00
KTBI11 MT538485.1 99.75
GED)
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(B4 3)
KTB14 CP053102.1 100.00
B. velezensis KNB9 OL477461.1 100.00
KNB2 MT649755.1 100.00
Exiguobacterium KTB27 KU922383.1 100.00
acetylicum
Proteobacteria Alphaproteobacteria Microvirga ossetica KTB21 NR_156049.1 98.77
Ochrobactrum KTB20 MT436099.1 100.00
haematophilum
Phyllobacterium KNB21 JX840396.1 100.00
trifolii
Sphingobium KNB6 HF930763.1 100.00
yanoikuyae
Betaproteobacteria Achromobacter KTBI15 MT299752.1 99.32
marplatensis KTBI2  MT299752.1 100.00
A. spanius KTB4 MT409527.1 100.00
KTB22 MT409527.1 99.73
Delftia acidovorans KTB17 MK414884.1 99.67
KTAS MK414884.1 100.00
Gammaproteobacteria Acinetobacter KTB19 MT436393.1 100.00
calcoaceticus
A. pittii KNBS§ CP049806.1 99.37
Luteibacter anthropi KTB35 KX982773.1 99.35
Pseudomonas baetica KNB19 MT078669.1 100.00
P. jessenii KNBI18 MT065741.1 100.00
KNB22 MN758767.1 100.00
KNBI12 MN758767.1 99.92
P. mandelii KNB4 MNS865165.1 100.00
KNBI1 MH482219.1 99.77
P. tolaasii KNB20 MT561438.1 100.00
Serratia fonticola KNB24 MK235159.1 100.00
Senotrophomonas KTB10 MT275807.1 99.74
maltophilia
S rhizophila KTB23 KM524119.1 100.00
KTB16 KY457743.1 100.00
KTB18 KY457743.1 99.85
KNBI15 MK737402.1 99.93
KNB13 MN753976.1 100.00
KNB7 MN753976.1 99.1
KNB35 MN753976.1 99.93
KNB10 MK?737107.1 100.00
KTB2 MK737140.1 99.67
KTB7 MK?737140.1 100.00
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Figure 3 The culturable bacterial composition of Astragalus yunnanensis and A. tatsienensis var. incanus
rhizosphere at the phylum (A), class (B) and genus (C) levels.

mEk 5 5 6 Pin, mEEERIKER
Aspergillus fumigatus YNF5 & B2 1) 2.2 2. T
FHI B X DU 22 G PH PR TR ) R B i 2= rp
SEIMTETGME, W EX H R R A R . TCEL
BEERTA . R M BR A A S5 /N 1 TR MR JE (minimal
inhibit concentration, MIC){H & 12.5 ng/mL.,
=M AR PRI B YNB22 5 YNB23 BIHJE T
Pseudomonas helmanticensis, H:H' YNB22 X ffif
PR A0 PR < o (O H 4 R TR L 4 0 g TR TR R

i B ZEFURF TR MIC {E Y4 100 pg/mL, XJJC
FL S BR B A A I R R Y MIC {E XN
50 pg/mL, XFBRAEREA 1) MIC {64 25 pg/mL,

1M YNB23 SO T AR PG bR 45 v €2 7 2 3K 1 R 46
WO A BRI A BRI IRIER, H MIC H
12.5 pg/mL. JKEFE B EEARPRZE H Sreptomyces
fulvissimus KTA1 & BN 12 £ TR = 8 78
WeFEJE N 6.25-12.5 pg/mL I A A 2l F
8 P2 [RBHME AR K . KB R AR
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PR R 40T P. tolaasii KNB20 X JLFLAEER
W ZEWBRE . PRI IR TR R B2 AT A R
seANEIAVER], MIC fE4°4 125 pg/mL; 407
Senotrophomonas maltophilia KTB10 X} 2% iz Bk

AT AR B 28 A0 FT 1 1 MIC B394 100 pg/mL,
Xof TS P 40 PG PR < o €00 7 4 BR AT L 48 BT, 4 K
B JCFLBERRE 1Y MIC {58 50 pg/mL, XF PR
BREA . FRBSASHTRER Y MIC {524 25 pg/mL.

*4 CHAKSKERTERRIRABEFAEEEKRER
Table 4 The information of culturable fungi isolated from Astragalus yunnanensis and A. tatsienensis var.

incanus rhizosphere
R Yy YGRS BT ARALLEE
Sources Species Isolate ID Accession No. Similarity (%)
Astragalus yunnanensis Aspergillus fumigatus YTF5 MT558940.1 100.00
YTF7 MH536093.1 100.00
YTF6 MH864623.1 100.00
YNF1 MG991639.1 100.00
YNF7 MN473284.1 100.00
YTF1 MN473284.1 99.79
YNF6 MT597427.1 99.83
YTF2 MT597427.1 100.00
YNF9 MT597427.1 99.82
YNF8 MH911361.1 99.83
YNF5 MF590118.1 99.83
A. niger YTF11 MG228419.1 100.00
YNEF3 MT597436.1 100.00
YTF3 MT597436.1 100.00
YTF9 MT597437.1 100.00
YNF4 MT597435.1 100.00
Penicillium polonicum YNF2 MT529889.1 99.82
Talaromyces amestolkiae YTF8 MN549518.1 100.00
Trichoderma asperellum YTF13 MT341772.1 100.00
Astragalus tatsienensis var. Aspergillus fumigatus KNF3 MH864623.1 100.00
incanu KNF7 MG991579.1 100.00
KNF1 MG991593.1 100.00
KNF2 MN473284.1 100.00
KTF4 MN473284.1 99.79
KTF7 MT597427.1 100.00
KTF1 MK419094.1 100.00
A. niger KTF5 MH511143.1 99.31
KNF6 MT597436.1 100.00
KNF4 MT597437.1 99.20
KNF5 MT597437.1 100.00
KTF6 MT597435.1 100.00
Penicillium sumatraense KTF2 MT582791.1 100.00
Tolypocladium inflatum KTF3 MKO020177.1 99.79
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x5 MNREEAMESEREEIRE ATCC 43300. £EHEEEHKE ATCC 29213. XX EEHKE
ATCC 12228 FIFL LK E ATCC 13813 B A 1 1E A B E £k

Table 5 Strains with antibacterial activity against methicillin-resistant Staphylococcus aureus ATCC 43300,
Saphylococcus aureus ATCC 29213, S. epidermidis ATCC 12228 and Streptococcus agalactiae ATCC 13813

k73 M FAAPUAR R B0 SR OMaERE RAAWHRE  JCABEERE

Strain W ERE Saphylococcus S epidermidis Sreptococcus
MRSA aureus agalactiae

Aspergillus fumigatus YNF5 +++ +++ +4++ ++++

Pseudomonas helmanticensis YNB22 + + - ++

P. helmanticensis YNB23 ++++ ++++ - -

P. tolaasii KNB20 - - - e+

Sreptomyces fulvissimus KTA1 +4+ ++++ ++4++ ++++

Senotrophomonas maltophilia KTB10 ++ ++ — ++

.+ 6.25 pg/mL<MIC<12.5 pg/mL; +++: 12.5 ug/mL<MIC<25 pg/mL; ++: 25 pg/mL<MIC<50 pg/mL; +:
50 pg/mL<MIC<100 pg/mL; —: JCI&$ifEH

Note: ++++ : 6.25 ug/mL<MIC<12.5 pg/mL; +++: 12.5 pug/mL<MIC<25 pg/mL; ++: 25 pg/mL<MIC<50 pg/mL; +:
50 pg/mL<MIC<100 pg/mL; —: No antibacterial activity.

£ 6 XWEBFEKE ATCC 29212. RIFEKE ATCC 35667. WEFHITE ATCC 6051 FlHE8ZSH43E

ATCC 19115 EFHIEA B E

Table 6 Strains with antibacterial activity against Enterococcus faecalis ATCC 29212, E. faecium ATCC
35667, Bacillus subtilis ATCC 6051 and Listeria monocytogenes ATCC 19115

AR R FEMHERE BB R B iR ZEAAF BRI

Strain Enterococcus E. faecium Bacillus subtilis  Listeria
faecalis monocytogenes

Aspergillus fumigatus YNF5 - S, + ot

Pseudomonas helmanticensis YNB22 - . + ++

P. helmanticensis YNB23 - - - —

P. tolaasii KNB20 e+ A+ ot _

Sreptomyces fulvissimus KTA1 o+ et o+ T+

Senotrophomonas maltophilia KTB10 + +++ + ++

. -+ 6.25 pg/mL<MIC<12.5 pg/mL; +++: 12.5 ug/mL<MIC<25 pg/mL; ++: 25 pg/mL<MIC<50 pg/mL; +:
50 pg/mL<MIC<100 pg/mL; —: JCF&HifE A

Note: ++++: 6.25 pg/mL<MIC<12.5 pg/mL; +++: 12.5 pg/mL<MIC<25 pg/mL; ++: 25 pg/mL<MIC<50 pg/mL; +:
50 pg/mL<MIC<100 pg/mL; —: No antibacterial activity.

2.6 T MRSA 4 #)0& & 1455 1% MR 7), 4351 Aspergillus fumigatus YNFS5 |

UV BTGk F 2 AR AR S Pseudomonas  helmanticensis  YNB22
TH RSV BOEYEPI AT, @ PR Sreptomyces fulvissimus KTAIl 5
T VW) B Be 08 38 L 0 R U E P AR KR E Senotrophomonas maltophilia KTB10, X 2674
%@%%ﬁ , EIHARAERMBEDBAL bR BRI C R L EERLEE 2 3 25, 100,

A LMﬁEF'%LE%/\éﬁ@%%ﬂ%% ATCC  12.5 2 50 pg/mL ¥ T o] B A0 MRSA A=
43300 HMszidtk, Wi 4 BRIGIER PR, (0 Tk SR bR TR LR DR T
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W RPN B R PURE R, P UM ESCR AR
A RE S A I R AR S IR o B i) E A 2
CV) Fl BE 4 ¥ (methyl
thiazolyl tetrazolium, MTT)H o xE T 1% 4 A
PRXT B MRSA AW BRAE ST, K BLA
FLIH bR A fumigatus YNF5 & B (1) .12 2. TG

i %28 (crystal violet ,

MR CRRL R A THR SURITE R AR . Al 5 IR,

5525 [ PDB K ERE R AL LA, mRg i AR PR
I A fumigatus YNFS AR £ 5, HAE
Bt B Ry 28-34 min, WKl 6 iR, 525
SGTYP KM FEAM L, = 5 i ML Br 4
# Pseudomonas helmanticensis YNB22 HAJiX

IR FAEMREE A 300 pg/mL BB Ir iR AR IR BEINEIAE 5 min Zf5, MRPEEL
SR MRSA LW, /0 A B (1R 4). K M HFEFPE R P. helmanticensis YNB23 ¥k
27 SEMEMRBIUFFER BEERRE AR BB 23-30 min, JE

il HPLC X} Lik 6 MRIGVERER R B TR b G KB E 3 EEAR PR B
R 7 EBH MRSA £ HFEE SR E %

Table 7 Strains with anti-biofilm activity

TH ¥k Strain ] A= P B RY Biofilm inhibition ¥ [ A4 #1 Biofilm eradication
Aspergillus fumigatus YNF35 + +

Pseudomonas helmanticensis YNB22
Sreptomyces fulvissimus KTA1
Senotrophomonas maltophilia KTB10
TE: +: HAMGER: — JCmsfER
Note: +: With anti-biofilm activity; —: No anti-biofilm activity.

A
Concentration (ug/mL) 300 200 100

ﬁ&@kb{,, ‘.
CV staining assay ( ‘3;6 o O
Q 3, @ @ OL.

B
Concentration (ug/mL) 300 50

+ —
+ —
+

50  Control 100 50 Control
. (O @
L Oeee
""9 LIOL

Control 10 50 Control

‘?e l( gu 'n('x(n).
@ Q @ »“('Mf
« W@ \"fk*‘/@i

B4 ZRHERRMRER YNFSARRCER CEEHREEMME MRSAEYE  A: {1 50-300 pg/mL
FEMAC PR AVE DI 24 h, FIFHZE & MRSA AW 78405 B (] 50-300 pg/mL #F i 4b 3% 244
VIR 24 h, FIFHBEMEHEXT MRSA AW e, i AR RA T RS DMSO 15 R B X g

Figure 4 The eradication effect on the MRSA biofilm of the Aspergillus fumigatus YNF5 fermented extract
of rhizophere soil of Astragalus yunnanensis. A: The MRSA biofilms were treated with 50-300 pg/mL of
samples for 24 h before staining with CV solution; B: The MRSA biofilms were treated with 50-300 pg/mL of
samples for 24 h before staining with MTT solution. The same volume of DMSO was used as negative control.

-

MTT staining assay ( * &
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Sreptomyces fulvissimus KTA1 & B 1Y 2.1 2.
P #L I H 19 HPLC #8805 [#17E 27 min 5 32 min
SCAEAE 2 AR 0, ARtk AR N, KRR
E MR B2 Senotrophomonas maltophilia
KTB10 B9UAEAM Py O B INF A 24 min 72
o i b, HEE A fumigatus YNF5, 4H5E P.
helmanticensis YNB23 itk S fulvissimus
KTAl BABIF 2, mH AN
WY E TSR N TR E Y, ATRERA
AP HUAE RN R LW T XX
3 MR AT SCER AT KRB, HE A
fumigatus A=A ™ P = B FEH h &R . R
R HEhERSE, AT G e HER
AP AP IS ER . 2008 4F Malik 25227
R S fulvissimus AT —FPHT i ik, Xt
MRSA # BEMAETE; 40 P. helmanticensis
PR IE VR ZRHE Y N AR AR 53 2 T AR
ARR R — R R B DU BRI FEE )

P i Bk SCHERIAE X PUE . HMRSA
WS PR e 5 HPLC fhaf it s i, 2
S H W A fumigatus YNF5 S5 £ S
fulvissimus KTA1 i HFREERR, S5 2060 Hik
AR W AT IR AT .

3 WwE5E®

A8 1 7% K DR A B A PR Yy 2
I 73 P B RS KR R B RO B Bl A I e
SCPE, KB RS KB R E AR PR AR
VI RELSA B RIL, HERE G AR . PRl
B FOAR PR AR 2 F2 2 ol S5 i BRI AR R T
ARTE BT VR AT 1 AR, WA s . WA mE
THERJE 18 A ARRT TR - 1T E R O R
AR PR W) B A 5 o 30— S DL St 7 4 o
M AP RGN B ARR TR A R A AE ] BE S B
roJE T R Hax A AE S BRI i 2%

A
mAU )
Blank PDB culture medium
2 000
1 500
1 000
500
e ——
0
10 20 30 40 50 min
B
mAU Aspergillus fumigatus YNF5
2 000
1500
1 000
500
10 20 30 40 50 min

5 ZZH PDB i5# E(A)5iE M E# Aspergillus fumigatus YNF5 (B) & B 2 B& Z B #8;2 E B9 HPLC

5[

Figure 5 HPLC spectra of crude ethyl acetate extractions of the blank PDB culture medium (A) and

Aspergillus fumigatus YNF5 (B) fermentation broth.
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A mAU
2000

1500
1 000
500

Blank SGTYP culture medium

B mAU
2 000
1500
1 000

500

10 15 20

25

30 35 40 45 min

Pseudomonas helmanticensis YNB22

C mAU
2 000

1 500

1 000
500

Pseudomonas helmanticensis YNB23

il

D mAU
2 000
1500
1 000

500

25

30 35 40 45 min

Pseudomonas tolaasii KNB20

Jing

E mAU
2000
1500
1 000

500

10 15 20

25

30 35 40 45min

Streptomyces fluvissimus KTA1

F mAU
2000
1500
1 000

500

25

30 35 40 45min

Stenotrophomonas maltophilia KTB10

L 1 L

5

10 15 20

25

30 35 40 45 min

6 ZTH SGTYP EFHFE(A). FAEMEE# Pseudomonas helmanticensis YNB22 (B). P. helmanticensis
YNB23 (C). P.tolaasii KNB20 (D). Streptomyces fulvissimus KTA1 (E)5 Stenotrophomonas maltophilia

KTB10 (F)4 B % C B2 Z s+

3 =,

IXE

A HPLC & E

Figure 6 HPLC spectra of crude ethyl acetate extractions of the blank SGTYP culture medium (A),
Pseudomonas helmanticensis YNB22 (B), P. helmanticensis YNB23 (C), P. tolaasii KNB20 (D),
Sreptomyces fulvissimus KTA1 (E) and Senotrophomonas maltophilia KTB10 (F) fermentation broth.
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MR I R . (E = M B R S KB HEE
o PR PR AR Hh A7 A T B R A48 2R MU TR
AL R, xR BUEY T S i E R
AR AR, HELERESZHEKS
KB B AR AT W — R o I SOk
i, AT EC TR AN TR RE AR — p A AR A A
T IR AT, R A R R AR
LRI thop g5 P20 2 B PR
HE W DI e A P T A K B R E B RO AR PR
[ R A3, 32 A T A R K1 R
W20 i F L R, A B TR B )
F 43 JEURL AT R B 7 E A SV PRI, i
)8 A T RE S L T DV TRV PRI, TR e
B RTh R —EEM. A%, s
B KB B T A KA B L e v A
DB AR AR, (P A o AR s -
RNt R 5 A AR TR | AR T T A
B MR 168 rRNA JE R 51 107
BOARKEI T A T35 e J 22 R S A < F
BRI R LA, 45 R BN s i s
o PR PRA R 20 A TR ] L JRBERR ]
WKW T TAUAT R T], S AT 2z B s AR
PrAN B RO AL, (B TR T Li
AFPTIR T 16S rRNA JEIH V6 5 78 D -4 A X
TG AL B DA LS 1 2R A WK o] L 3 A
PrtAT TARIN o e, [RDRE B e 5 B R -
WA T 1o LSRR, eI m] BB th T8 S
HELL R BE STGER, M BEEI N 5, B
GIE T Z o0 A1 AN, AT 6 A TR
M RS KB E B PR IR TR AR, B
O FE A B 7K T REAL S AT BT 32 0 A

A FE IR R AL Ge i A 3 57 5 ik =
P TGS K R B AR BR R T T
B R GEE, KRB PR AR PR ] R IR
A Z A IR B RA 225, T B

BEAAAEA, 25 AREA/ MR waE . SaE
I e i 2 T B PG AR B 38 v 0 1 SR TR
MEEE . BRAREE S AT EENE, X
3 @ AN AE A TS R W R B AR 2 . A
VIR R EEZ 04 THS T AR X
AWM AR, RETEBMITAERK; KE
FRESE B AT RIS S T o R, B
RAEBES Fid b o SCHRARIE T3 R G Y
JEUAE PR 22 50 -3 T A P VR R RS, A
BTS2 B R KR R B RO B - e B
PR BT AE R AT AR Y, K6 HEE B RO B 1 2
FRIANL ., 2R, 2. BSA. SRS
AN SRR EE S 5 T M B ROR PR L
TIEROCER . WK S A MRS ZE 5T BE SR
X P AR PROC S REAN ], X — A R IR
ABETE o R, b 2 e 52 it ] 5 2 ) RO
PIrs e, Dy s AR SR AR ) R A AR B A% G B 5
7T B SR AR P 0 4 BRI R,

LA IR IR B R S KB E B RAR
PR IR W) 2 B R 2 22 R T 4 2R S AR e b o
JIE PR EMRE R KB, i3RIk S Al iR
EIAR AR R AR e — 2, FERU
RHEZFE AL, XA s LS m
WA R . WAEIh R L AR R .
W& S P R A, ASHIEE P i e
WPl B SR A R T FR A AR R R
MGE . A R S SR R R R S, nI
FHEWES TR, XS5 RsbEY)
X SRR A R IR A R, AARA L
AN — T A DI RERE By B B R, AL
Al B IR TR ALRE RS 1 X L ARAT B TR AR E A T
WRy, PAFEENA S —HG R R, %%
TFr, BT RS IR 0 BT LR BUEY)
Yyp Z A —E W JRBRIE . [, IRZHE
Yreh T A S0 Aag R, BIAES TR
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BR RS 5 A, WARMEAE S50 AR I R 2 ) o
DL ESE RA R ARG N 1o B 5555 5 i
A5 2 7 B D ETR AG AN — o BB A L5 S B
H AR EFEAR T UE R RE LS, A B2
NI A SR FREEREAS (1) W R R Vi ) B3 A5 K o
AT RESRTR MR, AT R T LA 7% TR AL I &4 SR o
fitlh b AR A3 2 vk H B 3R AR AT 2R
i, DAAAS 258 2 5 N AN I S0 0 A
15 S5 LR A S R . AN . IR
& 5 AE P PR AT SN A5 A AT Be A Ak 4 A 2
PR AR, filn, A
O il =R EE T LU R 7 o G E K S AN SR 1 B
AL A TR s 5 2R AT B A o, A RR AR
B 1 (Pseudomonas 1ini ) FiI Ak B 25 74T 1 45
WF 5 4 B HAA BRI PTas . B By s AE
R A% 30 A3 43 10 W5 | Wik £ TR B8 412 5 AR 0 i 5 38 S L
A2 R A A A A PO S HE 2 T P A 4 T AT
RETE M = A BT I E Kb R E R AR . il
B I8 FUTR B 22 RARE P2 Z R AR B DL )
ABEKHZ—, Wt E BR R, %
B PRI 2, TR SO AR 0 DR A BRI VE
it 2y R FERAE B T RE . AT AR
FH 58 BRARFEME T B 35 Bk R RV 2R 2,
B AR B AT THUR . BrAE S e,
VEAF I 6 WRHA H S5 5 R0 I B U P ) R R
Horp K B R E W AR PR 4R TR Sreptomyces
fulvissimus KTA1 X} 4: # (5 4 Bk A . MRSA |
IR . R EREE . Bk . R
WABREE . B ZEARIAT B S AL ER B 55 8 Al
2 QO PHAE R R B ) 35 98 A5 1R 5 % . Malik
S v S B R Y HOA I E S fulvissimus &
P2 = R R ZE AT TR . R BRI X MRSA
S BEIEYE, (B R B Y PR R AL S )
KB v AL X8 o A A 2 B B, (AR ABESY o
[, ABF5E &3 —tk i 2 )8 ELA Aspergillus

fumigatus YNF5 & K £ B2 < T #Li2 8 it
MRSA., & & OHEAHERE . R HERE . T
FLEERRTE . AR ZEAUFT IR . BRIGER TR S HA g 2=
Wi R R A 7 g 22 FCRH P R 2 3R B R bt
PRSI, 3K 55 SR 9 Rl R R A AR
W HA B B s T P — B eah, FEXE AT
B SR MR R AT K BT 2 B, B[R] — J@ A EAS
() Ak 1) B A= 00 TR ok Lk 2B ARGl )™ ) AT e A7 7E
— & DX ), 49 0 M 40 7 TR R YNB22 5 YNB23
[ J& F Pseudomonas helmanticensis, {H i AH
B S0 P SR Ik AR AR 1 O B B TR] OO —
B, M H YNB22 KK 1R SRR B R
PRI B G, M YNB23 0 H4F X MRSA
5 & W OB EREA B MR E M A
J& T Streptomyces fulvissimus # il £& & B #k
KTA1 5 KTA4 3.3 B AN [A] (19 B s 1, i HL
KTA1 HA & s vk, XA E 1
A RN R ATEN M © A K 2 Sk i iE
Aspergillus fumigatus B& #F (149 7 4 Uk 2B AR 1 =
Y, BRI — 2R kRS 25 b
JIFR, o FE R e B S KB R B
HEBR AT 35 F5 A ) A — 5 A R 250 &
Wi,

9o D A 0 E 2B A PN O IR T SR IR ST A
e, ZB0CE Y Re e o B AR Sk T 5
I AT — RV AriE 3, WIB LA P Ik
POETIRAN S | R (A K G =L 7/ D0 B A - LK 51
JEE T T 250 B, BRI R e e X AR
YIRSy, JF R AS0R . I H SR
PULEY L Wa TE e B . AR 4 HT MRSA 4=
W IEETE P BRI O B, 3 RN AN 1 MRECE
REAZ I MRSA A=W RTE AL, JTEHE ELA A
fumigatus YNF5 7EM 224 300 pg/mL B} REAS 2
F /0 MRSA A= W) BEE b ask 78 v 3% TR 4K
AT A 28 MRSA AW L o 245 R R W
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B YNFS -3 1 f7 5 0 B 4 FH R H 2B st
W, BB PRI A .
HISCHT A, M 25 A. fumigatus B384 Uk 2E A it
IR E S R R i RO TN E RO RN (o)
F 1 (Bacillus pumilus) 2 ¥y 5 A 35 BBk 10,
{HIZ B BT MRSA A4 53 1 vk A= AR =9 477
RUWARIE, JELRR X R YNFS BUH0AE DS
PR b A Wit AT B Al S EE s e, I xt
HAPU A YN E— BB ER

ZE L RTIR, ARSI 1 2 A B
1035 1 FE R 5 T R S K B R E AR
PR e 20 W b Z2 A6 1 S 2l R IR0 i A
RS, R PR B AR PR A P B v
A—E PR 2R, i H R A
BEIFPUR . PR LW, g
W 45 Foks by Ja 230 R s A M b K 2h
VEOF IR L T AR SR S H RS2, SRR
P55 6 BRI R o FE R SR AR ) S AR
Rl
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