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Abstract: [Objective] To investigate the diversity of culturable endophytic actinomyces in the roots of
Psammosilene tunicoides in Yunnan province and screen out the strains with high antimicrobial
activities. [Methods] The roots of P. tunicoides from four different places in Yunnan province were
pretreated at different temperatures, from which the culturable endophytic actinomyces were isolated
with 14 media. The antimicrobial activities of 74 isolates against 5 pathogens were evaluated with
inverted plates. [Results] Totally 121 strains of endophytic actinomyces were isolated from the roots of
P. tunicoides. The results of 16S rRNA gene sequence alignments and phylogenetic analysis showed
that the 121 strains could be categorized to 24 genera, 15 families of 10 orders. Streptomyces was the
absolutely dominant genus, followed by Nocardia, Micromonospora, and Mycolicibacterium. D4 (0.3 g
yeast powder, 0.3 g casein, 0.3 g glycose, 0.3 g bone meal) was the best medium for isolation among all
the tested media and 80 °C was the optimal pretreatment temperature. Among 74 strains of endophytic
actinomyces, 37 strains showed inhibitory activities against at least one indicator pathogen, and the
main genus with strong antimicrobial activity was Streptomyces. [Conclusion] The roots of P.
tunicoides harbor rich actinomyces and the functional strains with the ability to produce secondary
metabolites, which can provide abundant strain resources for pharmaceutical and agricultural
production in the future as well as basic data and a theoretical basis for the cultivation, protection,
development, and application of P. tunicoides.
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Figure 1
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1.1 HRRXRESMAIE

PP S BRI RRBAR R 2014 4F 6-8 AR H
F A IHBE L. KB R BA . T RIS
B4 ADNHLT . BEANRAEIT, BEALIE A K
AP AR AR 10 8k, BTGB RFELS
RIRARAFZ ML B0 2, Hf7E 24 h WA T 444
RNAETR B . HRAEAE R ILE 1,
1.2 EHFE
121 oEERE

MR T 14 FhEE3R3E. (1) D1 RiHREDT,
FFHE 2 g, L-4HARR | g, NEIEREN 2 g, KNO;
1 g, NaCl 1 g, CaCO50.5 g, K;HPO, 0.8 g,
MgSO, - 7H,0 0.05 g, (2) D2 35 (N R EN-K
A Wehe- AN R RIS (3) D3 i FRILET,
4R 2.0 g, %R 1.0 g,MgS0,-7H,0 0.05 g,
K,HPO, 0.2 g, CaCl, 0.5 g, FeSO47H,0 0.01 g,
KNO;0.25 g; (4) D4 #5570k Wbk 03¢, T
Mk % 0.3 g, %03 g, Bk 03 g; (5) D5
B FRIEHV SR FRFHM; (6) D6 KRS,
NH,NO; 0.1 g, NI 2 g, L- K& 1.0 g,
KC1 0.2 g, #¥iEt 3 mL (B FnZEmt4t 35 g
JZKZE 1L, 20 1 h ER et g, &a
FHRAE 100 mL); (7) D7 BiFRFE: Al i EGE Ry

Habitat of P. tunicoides and different samples sites. A: Geliu (N27°15/E100°22"); B:

XiangGeLiLa (N26°05"/E99°46"); C: DaLi (N26°13'/E100°01"); D: LiJiang (N26°57'/E100°12").
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2 g, &R 0.5 g, MgS0,7H,0 0.2 g, K,HPO,
0.8 g, CaCl,0.5g; (8) D8 k. LM 2 g,
MgS0,7H,0 0.2 g, K;HPO40.8 g, CaCl, 0.5 g;
(9) DO £53% 3. MiFHE2 g, L-4HEBR 1 g,
B 1 KORT=rEZ5N), NERREN 2 g,
KNO; 1 g, NaCl 1 g, CaCO; 0.5 g, K,HPO,
0.8 g, MgS0,-7H,0 0.05 g; (10) D10 5555
CaCl, 0.1g, K,HPO, 0.5 g, HEHEBURK O 4 k4
TR 100 g & FRATHE, KRIFHA
0.9% M AE FEER K P 174k , #FE 1 min, )5
W), MgSO47H,0 0.05 g; (11) D11 }53%
B WM 6 g, MHZEMRR 1.0 g, KNO; 0.5 g,
Na,HPO, 0.3 g, MgS0,.7H,0 0.2 g, CaCl, 0.5 g;
(12) D12 ¥5353(P3); (13) D13 8535 3(T =%
BN- KA 7735) % (14) D14 J5373EP7 . Hl
10g, RAMRE 1 g, K.HPO4 1 g, fitamEh 1 mL,

DL BE SR I m A Bl 15.0 g/L, pH
7.2-7.3, JMZEWAK 1 Lo HIMA 25 mg/L (250
T R 410 ) A == EC B 4 TR A AR T 50 mg/L (1)
) 25 TR 2R A N AR LR B AR
1.2.2 #ifbiEsHE

YIM 38485 32 30T eRE Y 4 g, HFRE
M5 g, D-#j%iME 4 ¢, Bl 15.0 g, pH 7.2-7.3,
nzEtEK=E 1L,
1.3 REMENTE. SimE
1.3.1 HRLE

BEA AL ER . A K ik 4mi 4 2k Bl A
TR L, P PR 75 O s B ok L 28 e S W Uk
O T s/ &7 | SO [ T (= AP o~ 7 LI 0K )
B2 5 cm B9/NEBE, H 1% Tween-20 AbF
1 min, K5 70%EAEAL3 1 min, FEHA R
ATEA S%IIR AR R 5.0-6.5 min
&, A 2.5%AUAR BREN I VAL B 10 min, 5
F 10% NaHCO; b3 10 min, /)5 JCH K
Uk 4-5 W e IE VR K R R 2 Y B
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RS, Zr B 0.2 mL %Al T LA b 43 B fnal
f3EFREE b, SR AR A AR i 7E 5 7747 (28 °C)
HEESE 20 d DA b, USRI AR 2 A5 A TR K
o BEH B R M0 S R BTR U T AR TG
R, I E T T ERAE (G0 O T
W o
132 REREKEDS

FHTCH B PR TR E T 0 R BAR, &
BFEATASTER AL B . H U . 50 °C (4 h), 80 °C
(2 h)F1 110 °C (1 h), SARJ5 WA SHTOE , 5
K TC AT 25 R EBURE i A 4E o B 3R 0 I
o 10 58 B v e TR A Y
1.3.3 AEM&ELELAIRE

aifl K 2P ARE T 28 °C 55 3-12
J, FEERHE, REEEESQ . B AE
AR S5 AN [ Bk U S v BRI Vi AN BT iR A 7 2k
ARG AL IR o DR 78 O 2l 35 9% P il
- BRERCERL TR P A AE AR WA TR T R A DRAE
BT PR A B B P AR BE SR L0 YIMBS#E &b it
Erpo
1.4 2 DNAZEL. 16S rRNA EE ¥ 1
RAREGEE D

Y AE R T DNA 2K 16S rRNA JE [ (14
WS Li SR kT, % PCR PRk & A
AR TR AT BN ) (0 ) A 77 16S
rRNA 3L F41 8 F EzBioCloud %# ¥
GenBank™™ 1 3-{fi ffl BLAST 8Z&# 4 E1 7401
PEFCXTA3HT, 8 MEGA 7.0%%k 4, R4k %
7% neighbor-joining 1T R Gk B AIMIEE
1.5 SH%HRERLEIREZ TS
1.5.1 RXIGEHE

N R PN A ik T sk B
1.5.2 RIEIERE

s SR 7 TR 1 R A TR P ik o i
HE 29k B BR T (Monilia albican) . i%¢

RITRRE 74 BE .
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R ¥l 5 (Pseudomonas aeruginosa) . KIHFT &
(Escherichia coli) Fl 31 M 22 #% W (Rhizoctonia
solani) F 4 ¥ 8 %5 % ¥R W (Staphylococcus

aureus) o
1.53 EHHES

RGN PN A 2k TR R 4l A B 3R s 5%, B4
BRRRAE AN A, 9 F 28 °C THEFR 7 d & H
FEVE RHA L 55 SR IR AR R T, ST AR 22 A% TR RN
F BRI ] PDA R FR 5055 3%, HAg 546 7
WA LB 550558, KRS & 8o K
SO0 7 TR AR B AT AT -
1.5.4  HNEEMRMN G E

o7 AGE I PR A= 5 e T P A RT3 P 58 FH S A A3
BIEPY,

¥ PDA F1 LB ¥5 3238 E 55°C IR, &
800 mL LA 5.0 mL i J5i 45 /R W2 IR 5 157,
il B B TR A8 8 AR . o ELAE 0.5 em BTN
LR [ 1R V48] B T R s i Pl b, 334
A, MR E PR E T 28 °C H R4
iR, 5 d JE AT WER R I 10 oA B A RN,
BRIV 1 555 P 37 B P AR S VR ELAR I HLEDR

it
2 HREH

21 RHEBESKREER

FE 2 R 3 B UEF A R R B %, F
B G SRR R R, RIAARKE 7 515
S TR 4 R A T
2.2 REMZLEIFER T

HER 1 AL 2 AT, AR 2ty
3] 182 MR, I R YINE I T H
Xt, REEFA 121 RN, R 84 FR
N A R . BTSRRI ik
P10 4~H . 15 AR 24 AN E . 50
FELW IR 6 & (Actinophytocola) . R FESEF5 &

(Allostreptomyces)(Hi )&, CEEEKK) . P
R W J& (Amycolatopsis) . % /N ¥ W &
(Curtobacterium) . 1 %X [CHH J& (Dietzia) . W55 &
J& (Glycomyces) . It BT & (Kitasatospora) .

% v KW B (Kocuria) . ¥ H £ T H &
(Kribbella) . T 7 J& (Microbacterium) . TER A
J&(Micrococcus) . /\NAETE J&(Micromonospora)
SRR B (Mycobacterium) . 53 AL AR/ MT T &
(Mycolicibacterium) iR R H 8 (Nocardia) . 25
W K K B (Nocardioides) . % ¥ ¥ 1H &
(Nonomuraea) . 275 i J& (Paenarthrobacter) |
5N B 1 & (Promicromonospora) . $ii FFF

® 1 BB E R A E PR P S EE B

Table 1 Proportion of different genus and strains
Genus Species Strains i?;z;;au
Actinophytocola 1 2 1.65
Allostreptomyces 1 1 0.83
Amycolatopsis 3 4 3.31
Curtobacterium 1 2 1.65
Dietzia 1 1 0.83
Glycomyces 1 1 0.83
Kitasatospora 1 2 1.65
Kocuria 1 1 0.83
Kribbella 1 1 0.83
Microbacterium 2 2 1.65
Micrococcus 1 1 0.83
Micromonospora 7 9 7.44
Mycobacterium 1 2 1.65
Mpycolicibacterium 6 6 4.96
Nocardia 6 13 10.74
Nocardioides 1 1 0.83
Nonomuraea 1 1 0.83
Paenarthrobacter 2 3 2.48
Promicromonospora 2 2 1.65
Rathayibacter 1 1 0.83
Rhodococcus 2 3 2.48
Streptomyces 38 57 47.11
Streptosporangium 1 1 0.83
Tsukamurella 2 4 3.31

http://journals.im.ac.cn/actamicrocn
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2 EHBAEFRERXBRGELEN

Figure 2 The phylogenetic tree of culturable actinobacteria isolated from roots of P. tunicoides.
Staphylococcus cohnii (ATCC 29974) was used as outgroup and bootstrap values were 1 000 replications in

the neighbour-joining phylogenetic tree.

J& (Rathayibacter) . £2LER J& (Rhodococcus) ., ‘B
% W J& (Streptomyces) . % i % FH )&
(Streptosporangium)FZE K} K (Tsukamurella) .
Horp, 555 16 & (Streptomyces) i 4 WL H g |
R 47.11%, R R 8 (Nocardia) Fl /N H
T JE (Micromonospora)iX 2., 4355 10.74%
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T 7.44%. A 15 BRILZTERY 16S rRNA JE[H
J7 51 55 SRR AR 7 SUARMETE 99% LA, It
HAhw— 8 efHEHAER/R
Allostreptomyces psammosilenae YIM4008)F1—
AW TE BT Bl (Nocardioides intraradicalis YIM
DRI109V) AT T35 k3K
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23 BREMAENESSRHINEREET S
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WK 3 Fros, AN R X6 A4 ek ik A 7 i
Ab B 4 R B N AR TR TR 4 B RO R R B
HIRZE 80 °C VR ANFRIEOL T /3 B A5 2 i ik 2k
R AR RN R, Hirh 80 °C I EE AR FRAL
i (HYAFEE S IA 110 °C B, J™EE 5200
HHER, edchaz, (U817 5 %R, H
BHRE AT ARIMNE . #EEER . DRAE
Ja F1 /N BASRL B i 7 4 T A PR T 1443 B 5
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1) |4 = wh f=a)
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T T T T T

Numbers of isolated strains
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T

2, HENBON St R 08w e
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ALBER P 0 BAS BV R, (H L 80 °C il
JEAL B OE N T 2B IR A R I AR

24 AEIMSEEFE SRR ERLE
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temperature
1°C
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The effect of different pretreatment temperatures on the distribution of endophytic strains

Figure 3

associated with roots of P. tunicoides.
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Figure 4 Comparison of endophytic actinobacteria diversity isolated by different isolation media.

B 7 BRI M

BT KRB X EFOLRTRAR, A

WO BRI IR T 14 PG IR AL, AniEl 4 fiow,
B IR 5 IR 0 E BE LA R TR T TR 14 73 B AL
Ko WHEMARRAAES AR, THRE . W

0 Tsukamurella B Streptosporangium
® Streptomyces = Rhodoccoccus

W Rathayibacter B Promicromonospora
® Paenarthrobacter = Nonomuraea

B Nocardioides ® Nocardia

B Mycolicibacterium ™ Mycobacterium

¥ Micromonospora

B Microccoccis

B Microbacterium u Kribbeella

® Kocuria B Kitasatospora

8 Glycomyces B Dietzia

B Curtobacterium B Amycoolatopsis
B Allostreptomycess B Actinophytocola

 Tsukamurella W Streptosporangium
W Streptomyces W Rhodococcus
W Rathayibacter W Promicromonospora
W Paenarthrobacter ® Nonomuraeea
B Nocardioides u Nocardia
B Mycoliccibacterium W Mycobacterium
® Micromonospora B Micrococcus
B VMicrobacterium u Kribbella
B Kocuria u Kitasatospoora
u Glycomyces W Dietzia
B Curtobacterium B Amycolatopsis
g B Allostreptomyces B Actinophytocola

http://journals.im.ac.cn/actamicrocn



1912

Wang Mengyu et al. | Acta Microbiologica Sinica, 2022, 62(5)

BRI K38 IR T B S A% D4 B5 95 oy
BIRCR RS, D3 BRIk Z . MAE L HE A Bk
REIFRE IR 3L D12(P3)AT D14(M7) KA A
YR R R 97 3 D6, D9 #1 D10 F 45
RORILIE o 76 11 R IR 180 2545 B i 25 11
AU TR R T3 T B Pk L /) BRLF TR i 0
MR B RETE 6 Fl, Js/NAAEIELE 5 Fhid
®2 TABKRAEREER 5 MERERENINGEIER

IR B AR, BRI B RN
AR, T LAAr B 15 S SRS ) Z AL R AR
RN W ZHE A TB, BIEREN
BB AR BRI A T A
2.5 REREEINEEM

A RS PR N AR R R A A T 1 A
J&, 374 Bk angk 2 MK S ios, 37 MRk

Table 2 Actipathogenic activities of 74 endophytic actinobacteria against 5 pathogens

Strains  Genus 1 2 3 4 5 Strains  Genus 1 2 3 4 5
DR1104 Actinophytocola - - - - - DR1233 Streptomyces 1.67 217 - - -
DR4092 Amycolatopsis 1.38 1.64 — - - DR1107 Streptomyces — - - 2.80 -
DR1099 Amycolatopsis 1.17 5.00 — - - DR1100 Streptomyces — - - - -
DR4011 Curtobacterium - 1.05 - - 1.57 |DR1119 Streptomyces — 1.20 2.20 - -
DR4018 Curtobacterium - - - - - DR1051 Streptomyces — - - - -
DR4152 Micromonospora -  — - - - DR3016 Streptomyces - — - - -
DR4093 Micromonospora -  — - - - DR1048 Streptomyces — — - 3.57 -
DR1102 Micromonospora -  — - - - DR1023 Streptomyces — 1.88 — 2,67 -
DR4085 Micromonospora -  — - 5.83 — DR2009 Streptomyces — 1.56 - 4.44 -
DR4040 Micromonospora -  1.00 — 1.33 - DR1073 Streptomyces — - - - -
DR1092 Micromonospora -  — - - - DR1094 Streptomyces — - - - -
DR4094 Micromonospora -  — - - - DR1097 Streptomyces — - - - -
DR1234 Mycolicibacterium -  1.10 — - - DR3086 Streptomyces — 250 - - -
DR3025 Mycolicibacterium -  — - - - DR3087 Streptomyces — 1.44 - 225 -
DR4058 Mycolicibacterium —  — 3.30 — - DR3089 Streptomyces — - - - -
DR1036 Nocardia - - - - - DR3062 Streptomyces — 3.2 2.60 — -
DR1031 Nocardia - - - - - DR3060 Streptomyces — - - 1.71 -
DR4077 Nocardia’ - 211 - - - DR3102 Streptomyces — 1.33 - - -
DR1057 Nocardia - 1.67 — 2.50 - DR3096 Streptomyces — - - - -
DR4056 Nocardia - - - - - DR3120 Streptomyces — 1.80 - 4.60 -
DR2012 Nocardia - - - - - DR3118 Streptomyces — 2.20 - - -
DR1113 Nocardia - - - - - DR3119 Streptomyces — 2.00 - - -
DR4149 Nocardia - - - - - DR3083 Streptomyces — 2.63 1.89 - -
DR1091 Nocardioides - - - - - DR3106 Streptomyces — 1.88 1.67 - -
DR1076 Promicromonospora—  — - - - DR3114 Streptomyces — 1.33 - - -
DR4155 Promicromonospora—  — - - - DR3122 Streptomyces — 2.00 2.00 4.40 1.89
DR4036 Rhodococcus - - - - - DR2020 Streptomyces — - - 313 —
DR2004 Streptomyces 1.41 1.13 — 3.79 — DR2022 Streptomyces — 3.00 - 550 -
DR1028 Streptomyces - - - - - DR2016 Streptomyces — - - 6.00 —
DR2032 Streptomyces 1.1 1.18 — - - DR2026 Streptomyces - - - - -
DR1015 Streptomyces - - - - - DR2028 Streptomyces — 1.75 - - -
DR4012 Streptomyces 3.13 6.88 — 1.25 1.64 |[DR1098 Streptomyces — - - - -
DR1003 Streptomyces - - - - - DR3078 Streptomyces — - - - -
DR1065-1Streptomyces - - - - - DR3097 Streptomyces — 2.80 - - -
DR1010 Streptomyces - 280 133 - - DR3044 Streptomyces — 2.13 - - -
DR3021 Streptomyces - - - - - DR1202 Tsukamurella — - - - -
DR1037 Streptomyces - - - - - DR4090 Tsukamurella — - - - -

1: Rhizoctonia solani; 2: Pseudomonas aeruginosa; 3: Monilia albican; 4: Strphylococcus aureus; 5: Escherichia coli. — no

activity; The above data are the size (cm) of bacteriostatic circle.
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Rhizoctonia solani

Escherichia coli 10.81%

5.41%

Staphylococcus

aureus =
25.68%

b Pseudomonas
Moniliaf & aeruginosa
albican 50.00%
10.81%

5 BiBmEETEEMNERBAEREZ
EERE DL

Figure 5 The percentage of endophytic actinobacteria
isolated from P. tunicoides showing positive results
in antimicrobial activities.
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PTG 1 0 X AL o DL BT S 224, TR HAT 8K
SO PR VR P, R R X A 22 A e o A
PSS o 4 BRI AR TR T 0 2 M5 50 1 1 E
Jikik, iR 50%, i AR R DRk o S
PERIPRAY 76.67%; 1M A AR T2k 18 % R AT w47t

Pf 55, 104 5.41%.

3 W5E#

WIC 2y AR 4 BRBIE y— PR R A 85
B S A AE 5 0 N AR R TR BT . E AR ST

RS I A DL TR, /N B R e S I
WEZ—, 5HAB I WMRER Y — B M
WIS TR TR 120 T R /N TR i R AS T 58 v e
F AR B, SRR G R AR A
RIGZESE . e Reas T NERISEEA TS 312
PRINAE TR, Ay R i m e B R, HAK
LR TR AN B . AN RE AR
MR R, 3R 228 BRINAR IR, SERTE N
XA BB, /N RAEIRZ . Zhao 51
55 Qiu ZEPUAR I 26 F1 13 Flr 2l FAAH ) 43
T35 560 BN 119 BRNAERE R, HrPaEwE R
SR Ak 85%F1 67.2%. 2018 4, Sharma
A U)XV 6 K A (Pinus - roxburghii) FR 4y 8515
AR E SRR . ALEREE, D
PR B A/NRAIEE . & 2014 4, FAD
FIERIG | iR LER (Acanthus
ilicifolius) . k] & % (Alstonia scholar). T
(Aquilaria crassna). EV#R(Azadirachat indica) .
5 W (Camptotheca acuminate) F1 H 5 (Stemona
tuberosa)d5 330 ZFh2y HAEYI MRS, W
oo R I N AR R R, LA R S B T
Bh ek w . (AR RSB Ih, SERBTR N
A R 2 R B KRG B R O e R IR R
(Pseudonocardia) T AE 5 5 W & , #E— WAk T
HERE T AE H AR PP IR B R R TR 2 D1,
2l % 3% G 5 35 T AR TR 1 2 RE AR AE ANk
K25, O H R A AT f8 2 H p 2l 5% 5= i 5 5%
FEVCE MR B M AL TR B, A RK
PRt s Bl A, DA BRI A B A5 3] — SE R
AWE, WE/TEE . mRICEE . HERE
J& . KR . HEATHE . R/
HwE . PRI . BAwE . S HE
J& o LA B a8 FH A TR e S5 A 41

T8 Y A T A P AT A SR v LR TR Y
BRI AR, [R] IR 2 BUAS [ 3l B2 Ak B 24 3R

http://journals.im.ac.cn/actamicrocn



1914

Wang Mengyu et al. | Acta Microbiologica Sinica, 2022, 62(5)

R, 2R RCE A A T N A 1
S3 L AW IN A TEORH IR 1 38 A AR TR AR 22
5o FEFRBLIN Z2RE P nT AT RO ] 5 SR TR
IZAENE . TEARYGREG H, 14 RS IR IE D B AL
REBEIRAE, AHEEFP B SR AL R R A R
Hor B R SR I m 2 B ROR AR B 5,
B ORI B 4 BRI PR 1 15 R 5L D12
I D14 fEAKI H R BT 22, ATREEH T
Az TR 2k T DA ) 2 R O 3 3 g R S A
6], HH R RN 2060 d, T 4 R T A9
ity 7-15d, HPIRREIFRALE MO F5, 2,
B A S AN TR A TR, AR PR 55 43 B4l
PR AR TR 2k TR A K 2 18 R 22 B H T L 2 v LA
afifl . WAMYIH R SR D6, D9 F
D10 X 45 BR8P A= T80 26 TR 23 B A JBUA: 73 1A 25
R, 5D A5 RN, RN Ak
Bl A1 T2 AN ) i B R, B A3 B R SR
FE BT R A BT 5

XF TN AR TR Y 2 B, AR LS S T
B PR A T, ARG R AL IR TSR R 24 S
FTH S A MR R AR S TR
T, XFFEG G RIG Y, HAEY TR
JEAR AT T I Y A ) TR FESE AL BE, X 7E
B WK S EGR A E R BRI . A
SO AR I IE BEA T T B0, P D R
XS RIEAT T4, BORBON B2, WA AR
e

LR A2, WA i 5
FAEYIEYEY) FTE AL 10 000 F, o 70%0Y
RIRPUE R B E 7 A, 45% 06 YEY O
e B A AT AR 215 Akshatha 28RO 245
T W) 45 Bk b5 K\ (Leucas  ciliata) F1 8 J5 K I8 ¥
(Rauwolfia densiflora) F 7 & 1% 2| — ¥k
Streptomyces longisporoflavus (JX965948) Hl —
FREE R BB F Streptomyces sp. (JQ926174), %

P4 actamicro@im.ac.cn, & 010-64807516

DA A i e T AR SR AT PO R 1 R T
Sk EIUNE L G A2 B 18 RN
2R U RRE AR R SGC-7901 il NCI-H460 il il %
Y363 80%L) |, Salam ZE!'M I 1A (Dracaena
cochinchinensisLour.) ' 73 B %) 3 KR i £k TR X
SR A A K BAT AR, B S HSPAE SRR
MBI g LA (D, cochinchinensis) 5 &5 15 2]
HE TR T Streptomyces sp. S04, H&Z W)
XTI Hep G2 MR AT A 100%. i
SEBSVL I LN (A canthopanax  senticosus)FE4Y)
WA LR T CWI-256 B AR ™ Py X AR o1 15
FEHNFLUIRFE AN MDA-MB-231 Hy38 58 H A7
IHIVER s 2019 4, Ameen ZEDSV K M- T
(Mentha longifolia) . /NERR Y% (Malva parviflora)
FIC3K N 5 (Pulicariaundulata) 5y 8 H 1 N A= i
LA, eSS I S 25 410 T Tf F 47
MO 4 W O 8 & BR B (methicillin-resistant
Staphylococcus aureus) Fl 4 ¥ {8 # %j Bk
(Staphylococcus aureus) , Girdo 25 PTVYE iy
(Laminaria ochroleuca)® 53 #5155 90 FR LKL
T, 50% M Ak A @S R (Candida
albicans)ME WO ERFER, A 7 Fik
SR TR A R A A ™ 1 T S5 i) A 9 A D 1) A A
REJT, ] LA A T R 24 TR ) N AR i 2 T A
FURRBA A0 1 BT 8 R A A 24 5T T ) B )
T ofe i 26.58-60]

AR A BT 2 S T — 2 i,
BT rd: . SRR E SRS, g
SRR KRR AR, RNEARR
(9 1%, PRI & 4 T30 TR 5% 50T 4R 24 7 s 24 i) F
il S5 B R o PN A W B A
9 BT RS M, DU SR R TR A ROR T Sy
th, 74 BRESKEE R A 37 BRBCE A FTA R0
1 0] £ I B T, R P B T M i R O B R A
1T ] 2 A1 PP L T Ry A T IR ) R B IR B, T



EHWE | AP ER, 2022, 62(5)

1915

SER0 R HE L AE U ] 4 BR AT S A 2 B D

518

It 5 3 WA DO R 1 s Tl A LA AR T

A, ARt K 30 R A T A R T T T
PREAT B8 (0 BB LA 22 A% I RE T IR
1o AT TR T 1 iR PR RO TR TR AR S B e A I 3
Py Jo Az 4 B B A I VR e A T A
FPEEIR . R, G BRATHR A AT 85 37 AR T 9
FEXF N AR TR TR 2 AP A TR S 4R 4 R BT
FREGIRHAT B X

S0k

(1]

(6]

Agbessi S, Beauséjour J, Déry C, Beaulieu C.
Antagonistic properties of two recombinant strains of
obtained by
intraspecific protoplast fusion. Applied Microbiology
and Biotechnology, 2003, 62(2/3): 233-238.

Manivasagan P, Kang KH, Sivakumar K, Li-Chan ECY,

Oh HM, Kim SK. Marine actinobacteria: an important

Streptomyces ~ melanosporofaciens

source of bioactive natural products. Environmental
Toxicology and Pharmacology, 2014, 38(1): 172—-188.
Brafia AF, Fiedler HP, Nava H, Gonzalez V,
Sarmiento-Vizcaino A, Molina A, Acufia JL, Garcia LA,
Blanco G Two Streptomyces species producing
antibiotic, antitumor, and anti-inflammatory compounds
are widespread among intertidal macroalgae and
deep-sea coral reef invertebrates from the central
Cantabrian Sea. Microbial Ecology, 2015, 69(3): 512-524.
Abdelmohsen UR, Grkovic T, Balasubramanian S,
Kamel MS, Quinn RJ, Hentschel U. Elicitation of
secondary metabolism in actinomycetes. Biotechnology
Advances, 2015, 33(6): 798-811.

Azman AS, Othman I, Fang CM, Chan KG, Goh BH,
Lee LH. Antibacterial, anticancer and neuroprotective
activities of rare actinobacteria from mangrove forest
soils. Indian Journal of Microbiology, 2017, 57(2):
177-187.

Castronovo LM, Vassallo A, Mengoni A, Miceli E,
Bogani P, Firenzuoli F, Fani R, Maggini V. Medicinal
plants and their bacterial microbiota: a review on
antimicrobial compounds production for plant and
human health. Pathogens: Basel, Switzerland, 2021,
10(2): 106.

Uzair B, Menaa F, Khan BA, Mohammad FV, Ahmad
VU, Djeribi R, Menaa B. Isolation, purification,

(1]

[12]

[13]

[14]

[16]

structural elucidation and antimicrobial activities of

kocumarin, a novel antibiotic isolated from
actinobacterium Kocuria marina CMG S2 associated
with the brown seaweed Pelvetia canaliculata.
Microbiological Research, 2018, 206: 186—-197.

Schulz B, Boyle C, Draeger S, Rommert AK, Krohn K.
Endophytic fungi: a source of novel biologically active
secondary metabolites. Mycological Research, 2002,
106(9): 996—-1004.

Sarang H, Rajani P, Vasanthakumari MM, Kumara PM,
Siva R, Ravikanth G, Shaanker RU. An endophytic
Gibberella
inermis L. produces lawsone, an orange-red pigment.
Antonie Van Leeuwenhoek, 2017, 110(7): 853—-862.
Salam N, Khieu TN, Liu MJ, Vu TT, Chu-Ky S, Quach
NT, Phi QT, Narsing Rao MP, Fontana A, Sarter S, Li
W1J.
Dracaena cochinchinensis lour: isolation, diversity,

BioMed Research

fungus, Moniliformis from Lawsonia

Endophytic actinobacteria associated with
and their cytotoxic activities.
International, 2017, 2017: 1308563.
Hamedi J, Kafshnouchi M, Ranjbaran M. A study on
actinobacterial diversity of Hampoeil cave and
screening of their biological activities. Saudi Journal
of Biological Sciences, 2019, 26(7): 1587-1595.
KT, P RAE, EEIR, b, HEEE, EORME, 4
SCH. BN % SO ST RRIR 5 CRT R SR ik 2k T 2 R
BUBTE PERI . A W2E 4R, 2020, 60(6): 1063-1073.
Zhang WQ, Fang BZ, Han MX, Li S, Dong L, Jiang
HC, Li WIJ. Diversity and antibacterial activity of
culturable actinobacteria in Karst cave soil in Xingyi,
Guizhou. Acta Microbiologica Sinica, 2020, 60(6):
1063-1073. (in Chinese)

Bhatnagar I, Kim SK. Immense essence of excellence:
marine microbial bioactive compounds. Marine Drugs,
2010, 8(10): 2673-2701.

Jardine J, Mavumengwana V, Ubomba-Jaswa E.
Antibiotic resistance and heavy metal tolerance in
cultured bacteria from hot springs as indicators of
environmental intrinsic resistance and tolerance levels.
Environmental Pollution, 2019, 249: 696—-702.

Amin A, Ahmed I, Salam N, Kim BY, Singh D, Zhi XY,
Xiao M, Li
thermophilic bacteria in hot springs of Pakistan.
Microbial Ecology, 2017, 74(1): 116-127.

Manter DK, Delgado JA, Holm DG, Stong RA.

Pyrosequencing

WI. Diversity and distribution of

reveals a highly diverse and
cultivar-specific bacterial endophyte community in

potato roots. Microbial Ecology, 2010, 60(1): 157-166.

http://journals.im.ac.cn/actamicrocn


https://kns.cnki.net/KCMS/detail/detail.aspx?filename=WSXB202006005&dbname=CJFD&dbcode=CJFQ
https://kns.cnki.net/KCMS/detail/detail.aspx?filename=WSXB202006005&dbname=CJFD&dbcode=CJFQ
https://pubmed.ncbi.nlm.nih.gov/21116414/

1916

Wang Mengyu et al. | Acta Microbiologica Sinica, 2022, 62(5)

[18]

(21]

[22]

(23]

[24]

Passari AK, Mishra VK, Saikia R, Gupta VK, Singh BP.
Isolation, abundance and phylogenetic affiliation of
endophytic actinomycetes associated with medicinal
plants and screening for their in vitro antimicrobial
biosynthetic potential. Frontiers in Microbiology, 2015,
6: 273.

Wagner MR, Lundberg DS, Del Rio TG, Tringe SG,
Dangl JL, Mitchell-Olds T. Host genotype and age
shape the leaf and root microbiomes of a wild
perennial plant. Nature Communications, 2016, 7:
12151.

NI, BEE, Tt RAG, SkES. RN
EWNAMEZ M. MAEw R, 2016, 56(4):
614-628.

Sun HM, Wei YZ, Fang XM, Yu LY, Zhang YQ.
Diversity of endophytic bacteria isolated from
Huperzia serrata. Acta Microbiologica Sinica, 2016,
56(4): 614—628. (in Chinese)

Levy A, Salas Gonzalez 1, Mittelviethaus M,
Clingenpeel S, Herrera Paredes S, Miao JM, Wang KR,
Devescovi G, Stillman K, Monteiro F, Rangel Alvarez
B, Lundberg DS, Lu TY, Lebeis S, Jin Z, McDonald M,
Klein AP, Feltcher ME, Rio TG, Grant SR, Doty SL,
Ley RE, Zhao BY, Venturi V, Pelletier DA, Vorholt JA,
Tringe SG, Woyke T, Dangl JL. Genomic features of
bacterial adaptation to plants. Nature Genetics, 2018,
50(1): 138-150.

Berg G, Krechel A, Ditz M, Sikora RA, Ulrich A,
Hallmann J. Endophytic and ectophytic potato-
associated bacterial communities differ in structure and
antagonistic function against plant pathogenic fungi.
FEMS Microbiology Ecology, 2005, 51(2): 215-229.
Almeida CV, Andreote FD, Yara R, Tanaka FAO,
Azevedo JL, Almeida M. Bacteriosomes in axenic
plants: endophytes as stable endosymbionts. World
Journal of Microbiology and Biotechnology, 2009,
25(10): 1757-1764.

Francis I, Holsters M, Vereecke D. The Gram-positive
side of plant-microbe interactions. Environmental
Microbiology, 2010, 12(1): 1-12.

Duran P, Thiergart T, Garrido-Oter R, Agler M, Kemen
E, Schulze-Lefert P, Hacquard S. Microbial interkingdom
interactions in roots promote Arabidopsis survival.
Cell, 2018, 175(4): 973-983.¢14.

Giauque H, Connor EW, Hawkes CV. Endophyte traits
relevant to stress tolerance, resource use and habitat of
origin predict effects on host plants. The New

Phytologist, 2019, 221(4): 2239-2249.

P4 actamicro@im.ac.cn, & 010-64807516

[26]

[27]

(28]

[30]

[31]

[32]

[33]

[34]

[35]

Dinesh R, Srinivasan V, Sheeja TE, Anandaraj M,
Srambikkal H. Endophytic actinobacteria: diversity,
secondary metabolism and mechanisms to unsilence
biosynthetic gene clusters. Critical
Microbiology, 2017, 43(5): 546-566.
Stierle A, Strobel G, Stierle D. Taxol and taxane
production by Taxomyces andreanae, an endophytic
fungus of Pacific yew. Science, 1993, 260(5105):
214-216.

Qin S, Li J, Chen HH, Zhao GZ, Zhu WY, Jiang CL,
Xu LH, Li WIJ. Isolation, diversity, and antimicrobial

Reviews in

activity of rare actinobacteria from medicinal plants of
tropical rain forests in Xishuangbanna, China. Applied
and Environmental Microbiology, 2009, 75(19):
6176-6186.

Qin S, Xing K, Jiang JH, Xu LH, Li WJ. Biodiversity,
bioactive natural products and biotechnological
potential of plant-associated endophytic actinobacteria.
Applied Microbiology and Biotechnology, 2011, 89(3):
457-473.

Akshatha VJ, Nalini MS, D’Souza C, Prakash HS.
Streptomycete endophytes from anti-diabetic medicinal
plants of the Western Ghats inhibit alpha-amylase and
promote glucose uptake. Letters in
Microbiology, 2014, 58(5): 433-439.

Qiu P, Feng ZX, Tian JW, Lei ZC, Wang L, Zeng ZG,
Chu YW, Tian YQ. Diversity,

metabolic potentials

Applied

bioactivities, and
of endophytic actinomycetes
isolated from traditional medicinal plants in Sichuan,
China. Chinese Journal of Natural Medicines, 2015,
13(12): 942-953.

B, B, skihAE, XIS, Petri Penttinen, 3K/
S, BRI TR PN AR TR T 2 A R T R T P O
WA 2FE R, 2016, 43(11): 2374-2384.

Liao P, Zhao C, Zhang HN, Liu MK, Penttinen P,
Zhang XP, Zhao K. Diversity and antimicrobial activity
of endophytic actinobacteria isolated from Melia
toosendan Sieb. et Zucc. Microbiology China, 2016,
43(11): 2374-2384. (in Chinese)

R R 254 R (AR AL ) R 2. PR AR RL-6.
g BHEREEOR IR, 1999.

ST, TR . VY R R 2h 6 BR Y A Y BOIR S
. hEZS R, 2005, 11(12): 66-67, 73.

Jin H, Tan KQ. Study actuality and prospect on
tuniclike Psammosilene root of southwestern national
herbs. Guiding Journal of TCM, 2005, 11(12): 6667,
73. (in Chinese)

REI, 2, BTN, K, KL, S &


https://kns.cnki.net/KCMS/detail/detail.aspx?filename=WSWT201611006&dbname=CJFD&dbcode=CJFQ
https://kns.cnki.net/KCMS/detail/detail.aspx?filename=WSWT201611006&dbname=CJFD&dbcode=CJFQ

EHWE | AP ER, 2022, 62(5)

1917

[36]

[37]

[41]

[42]

[45]

[46]

RV M BE 3 A1 K A DX R0 26 A3 A o AR
FA2452%, 2007, 24(1): 28-31.

Zhu CC, Xu SK, Qian ZG, Zhang J, Zhang F, Yang YW.
Study on the geographic distribution of Psammosilene
tunicoides W.C.Wu et C.Y.Wu. Chinese Journal of
Modern Applied Pharmacy, 2007, 24(1): 28-31. (in
Chinese)

EHA. o B A 2 TR SR IR R S .
PR HZE, 2006, 8(3): 37-38.

ZE % L AR N AL TR TR 2 R S A W T ) 2
F9E. z B R A8 5, 2009.

AR AR 8 N A TR TR S B A KA
BEREEWERAZW. =8 K E AR,
2010.

AR P BRI A R 1 73 8 M M A R R A 2
FEPERIWTSE. 2905 RAF AL~ A28 3, 2019.
Hayakawa M, Nonomura H. Humic acid-vitamin agar,
a new medium for the selective isolation of soil
actinomycetes. Journal of Fermentation Technology,
1987, 65(5): 501-509.

Li WJ, Xu P, Schumann P, Zhang YQ, Pukall R, Xu LH,
Stackebrandt E, Jiang CL. Georgenia ruanii sp. nov., a
novel actinobacterium isolated from forest soil in
Yunnan (China), and emended description of the genus
Georgenia. International Journal of Systematic and
Evolutionary Microbiology, 2007, 57(7): 1424—-1428.
Yoon SH, Ha SM, Kwon S, Lim J, Kim Y, Seo H, Chun
J. Introducing EzBioCloud: a taxonomically united
database of 16S rRNA gene sequences and whole-
genome assemblies. International Journal of Systematic
and Evolutionary Microbiology, 2017, 67(5): 1613-1617.
Altschul SF, Gish W, Miller W, Myers EW, Lipman DJ.
Basic local alignment search tool. Journal of
Molecular Biology, 1990, 215(3): 403—410.

Kumar S, Stecher G, Tamura K. MEGA7: molecular
evolutionary genetics analysis version 7.0 for bigger
datasets. Molecular Biology and Evolution, 2016, 33(7):
1870-1874.

Saitou N, Nei M. The neighbor-joining method: a new
method
Molecular
406-425.
Zhao K, Penttinen P, Guan TW, Xiao J, Chen Q, Xu J,
Lindstrom K, Zhang LL, Zhang XP, Strobel GA. The
diversity and anti-microbial activity of endophytic

trees.
4(4):

for reconstructing phylogenetic

Biology and Evolution, 1987,

actinomycetes isolated from medicinal plants in Panxi
plateau, China. Current Microbiology, 2011, 62(1):
182-190.

[47]

(48]

[49]

[51]

[52]

[53]

[54]

[55]

Sharma P, Baunthiyal M. Endophytic actinobacteria

from Pinus roxburghii: isolation, diversity and

antimicrobial potential against human pathogens.
Journal of Pharmacognosy and Phytochemistry, 2018,
7:3021-3027.

A, XVPL, RBA, H30, e, B,
245 PR W) N A iR 2 TR 22 R A B R R T A ) S o 5
J&. 2, 2014, 45(14): 2089-2099.

Zheng YK, Liu K, Xiong ZJ, Li WJ, Xu LH, Zhao LX.
Research progress on biodiversity of endophytic
actinobacteria in medicinal plants and their bioactive
substances. Chinese Traditional and Herbal Drugs,
2014, 45(14): 2089-2099. (in Chinese)

Ulrich K, Ulrich A, Ewald D. Diversity of endophytic
bacterial communities in poplar grown under field
conditions. FEMS Microbiology Ecology, 2008, 63(2):
169-180.

Ol S ) M AT 2R SR YIS PR ST 7
AR R 1 LA i85, 2012.

B AR =LA LI RUE Y O REVR AL, R
L2008, 2015,

Bérdy J. Bioactive microbial metabolites. The Journal
of Antibiotics, 2005, 58(1): 1-26.

sk, Z%, R, BRokeR, B/ND, KR M
T5 LL G AZ N A TR B Tl 4 T 20 A A o G A 0 T 1P
AR, 2016, 56(2): 241-252.

Zhang PP, Qin S, Yuan B, Chen YQ, Cao XY, Jiang JH.
Diversity and bioactivity of actinomycetes isolated
from medicinal plant Taxus chinensis and rhizospheric
soil. Acta Microbiologica Sinica, 2016, 56(2): 241-252.
(in Chinese)

FHAFAE, BZR%, SEBE, SR, sk, &0t Jg il
R PA) A TR TR R TR RR R S A E L T PY AR,
2020, 40(5): 727-734.

Tian SZ, Huang ZP, Zhao YY, Zhao Q, Zhang XM.
Bioactivity identification  of

and endophytic

actinomycetes from  Dracaena  cochinchinensis.
Guihaia, 2020, 40(5): 727-734. (in Chinese)

EHhL, e, BEIT, /RAE, WM, T, £
W, AN, M s oo AR &R
Streptomyces sp. CWI-256 WAACH=Pwrse. W iE
EZ5 A MH AR, 2018, 13(5): 404-411.

Wang XW, Guo WQ, Zhao JY, Yu LY, Xi N, He N,
Wang SS, Yuan LJ, Xie YY. Study on the secondary
metabolites
CWJ-256 isolated from Acanthopanax senticosus.
Chinese Medicinal 2018, 13(5):

404-411. (in Chinese)

of an endophytic Streptomyces sp.

Biotechnology,

http://journals.im.ac.cn/actamicrocn


http://dx.doi.org/10.1016/0385-6380(87)90108-7
https://doi.org/10.1099/ijs.0.64749-0
https://pubmed.ncbi.nlm.nih.gov/28005526/
http://dx.doi.org/10.1016/S0022-2836(05)80360-2
https://pubmed.ncbi.nlm.nih.gov/20567975/
https://kns.cnki.net/KCMS/detail/detail.aspx?filename=ZCYO201414028&dbname=CJFD&dbcode=CJFQ
https://kns.cnki.net/KCMS/detail/detail.aspx?filename=ZCYO201414028&dbname=CJFD&dbcode=CJFQ
https://doi.org/10.1111/j.1574-6941.2007.00419.x

1918

Wang Mengyu et al. | Acta Microbiologica Sinica, 2022, 62(5)

[56]

[57]

[59]

Ameen F, Reda SA, El-Shatoury SA, Riad EM, Enany
ME, Alarfaj AA. Prevalence of antibiotic resistant
mastitis pathogens in dairy cows in Egypt and potential
biological control agents produced from plant
endophytic actinobacteria. Saudi Journal of Biological
Sciences, 2019, 26(7): 1492—-1498.

Girdo M, Ribeiro I, Ribeiro T, Azevedo IC, Percira F,
Urbatzka R, Ledo PN, Carvalho MF. Actinobacteria
isolated from Laminaria ochroleuca: a source of new
bioactive compounds. Frontiers in Microbiology, 2019,
10: 683.

SRR, HUEOR. AR WEMBTR NS R, hE
JEAE R, 2019, 14(1): 110-113, 122.

Zhang CQ, Dai JR. Status of and prospects for research
on actinomycetes. Journal of Pathogen Biology, 2019,
14(1): 110-113, 122. (in Chinese)

Golinska P, Wypij M, Agarkar G, Rathod D, Dahm H,
Rai M. Endophytic actinobacteria of medicinal plants:

diversity and bioactivity. Antonie Van Leeuwenhoek,

P4 actamicro@im.ac.cn, & 010-64807516

[60]

2015, 108(2): 267-289.
Passari AK, Mishra VK, Singh G, Singh P, Kumar B,
Gupta VK, Sarma RK, Saikia R, Donovan AO, Singh
BP. Author correction: insights into the functionality of
endophytic actinobacteria with a focus on their
biosynthetic potential and secondary metabolites
production. Scientific Reports, 2018, 8(1): 4650.
Adamek M, Alanjary M, Sales-Ortells H, Goodfellow
M, Bull AT, Winkler A, Wibberg D, Kalinowski J,
Ziemert N. Comparative genomics reveals phylogenetic
distribution patterns of secondary metabolites in
Amycolatopsis species. BMC Genomics, 2018, 19(1):
426.

Schwarz PN, Roller L, Kulik A, Wohlleben W,
Stegmann E. Engineering metabolic pathways in
Amycolatopsis japonicum for the optimization of the
precursor supply for heterologous brasilicardin
congeners production.  Synthetic

Biotechnology, 2018, 3(1): 56-63.

(AL 5T9  TKRIGENN)

and  Systems


https://pubmed.ncbi.nlm.nih.gov/31762615/
https://pubmed.ncbi.nlm.nih.gov/31024480/
https://kns.cnki.net/KCMS/detail/detail.aspx?filename=ZISC201901024&dbname=CJFD&dbcode=CJFQ
https://kns.cnki.net/KCMS/detail/detail.aspx?filename=ZISC201901024&dbname=CJFD&dbcode=CJFQ
https://pubmed.ncbi.nlm.nih.gov/26093915/
https://pubmed.ncbi.nlm.nih.gov/29531340/
https://pubmed.ncbi.nlm.nih.gov/29859036/

	云南金铁锁根可培养放线菌多样性及其抗菌活性研究
	王梦雨1#，黄美娟1#，李茜1，李珊辉2，肖敏2，黄海泉1，李文均2*
	Diversity and antimicrobial activities of culturable endophytic actinomyces in the roots of Psammosilene tunicoides in Yunnan province
	YIM 38#培养基[37]：酵母膏4 g，麦芽浸膏粉5 g，D-葡萄糖4 g，琼脂15.0 g，pH 7.2–7.3，加蒸馏水至1 L。
	样品预处理：用自来水冲洗掉金铁锁的根表面的泥土，再用超声波反复清洗直至最后清洗的水清澈为止。表面消毒[38]：将金铁锁的根切成约5 cm的小段，用1% Tween-20处理       1 min，然后用70%酒精处理1 min，再用有效氯含量为5%的次氯酸钠溶液处理5.0–6.5 min后，加入2.5%硫代硫酸钠溶液处理10 min，再用10% NaHCO3 处理10 min，最后用无菌水清洗4–5次。最后清洗的水用于检测表面消毒是否彻底，分别取其0.2 mL涂布于以上分离和纯化培养基上，然后将...
	内生放线菌DNA提取及16S rRNA基因的扩增参照Li等[41]的方法进行，将PCR产物送至生工生物工程股份有限公司(上海)进行测序。将16S rRNA基因序列置于EzBioCloud数据库[42]和GenBank[43]中并使用BLAST搜索软件进行相似性比对分析，使用MEGA 7.0[44]软件，采用邻接法neighbor-joining[45]进行系统发育树的构建。
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