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1.1.2 FE{YEF: PCR{Y(BIO-RAD). HEWZHLE
{¥ (GEL Logic200 Imaging System) . g Jk {¥
(BIO-RAD), iffl: PCR 5|# (%%, ). DNA
RO, FIRERE,
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(1) CC HE37%E; (2) HP Higrdk; (3) #IREESR
%E; (4) ISP 5 Hi3R%E; (5) R2A Rig53E; (6) SC 1
Fi¥E; (7) TS Bi3R%E; (8) CI-Na-HCO; Bigfdt;
(9) AV R HAERY BT 2 BROCHR[13] . (10) 38#k%
FHE QL) BEREE 4.0 g, W% 4.09, EZE
#5009, BHEEAYEAR 1.0 mL, ZEEK 1L,
Bifg 159, pH 7.5,
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Table 1. Sampling information of karst caves from Xingyi, Guizhou
Samples Coordinates Sample sites Characteristics T/°C
XX5 E104°46'/N25°09’ Xiaotu Po (4 +3%) Dry soil 20
XX8 Xiaotu Po (14 1) Dry rock
XL2 E104°58'/N24°54' Leng Dong (¥41l) Rock 19
XLS Leng Dong (%) Soil
XL7 Leng Dong () Moist soil
XS5 E104°47'/N25°9’ Shazhu Po (F:3& %) Moist soil 20
X87 Shazhu Po (Z3&3%) Mixture (soil and rock)
XG4 E104°47'/N25°9’ Guizi Dong (5t i) Mixture (soil and rock) 21
XG10 Guizi Dong (i) Rock

1. HRREIFIMEBL LR, 2GRS

Figure 1.

(11) HV B 3# % (o/L)™, JE7EmR 1.0 g (WFEEN
10 mL 0.2 mol/L NaOH F-ff; 117, Jin 500 mL 7K
i, B0 ¥ pH EIF 2 7.5),KCI 1.7 g, Na,HPO,
0.5 g, MgSO47H,0 0.05 g, CaCl, 1.0 g, FeSO47H,0
0.019,BiiE &4EAE 1.0mL,EE 159,pH 7.5,

B iKEAYER: Ve, Va2, Ves. Vas.
Ves. WUEE. XTEILAKEH R 05 mo/L, AWE
0.25 mg/L.
1.1.4 REEREFREL: RA(Q/L): FIIETETEN 20 g (&
W), HI%INE 109, W 109, ZZEIREUN
10g, EK#y5g,CaCO32¢g, pH 7.5,

ISP 2(g/L): Fi%ikh 49, FZF4REUN 10 9, B

The soil and rock sample from collection place.

BREHOKY 49, pH 7.5,

AM3 (g/L): ATIEVETERS 10 gGE BRI, KRG
¥ 59, &AM 159, Hil 10 g, CaCO3 29, pH 7.5,
115 PiEEHIEAER: FEOERRREA
iifi % 5 75 114 (Klebsiella pneunoniae) . A i
(Escherichia coli) . Z£ fi ¥k & (Enterococcus
faecalis) . #1 = A~ 3T [ (Acinetobacter baumannii)
A B ZE AT (Bacillus subtilis) . i FH 420 76 Ak 4 3
4, 45 % BR A (Methicillin resistant Staphylococcus
aureus) . 2 Tt 24 # 4% & B 78 B (Multiple-drug
resistant Pseudomonas aeruginosa) il i w5 il BR 7
(Micrococcus luteus), b iR+8/R B Pk i b R
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1.3.2 16S rRNAZEE K PCR Y3 : il 1 4l 1§ 16S
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HESCHK[10], PCR F=4 il 5 76 b il Tk 7.
133 EEF WX 45H7: &3 EzBioCloud
(http://eztaxon-e.ezbiocloud.net/) Pk , #5 b2k T
DI IR [E1 Y 16S rRNA JEPH 813051 T b X A7 H:
FRIPEDL,
1.4 FHETERIE AR R &

W B TRARIG AL, 28 °C 85 5%, Il & Fh il
Ve FHALA% — 2 250 mL =3, 26 A 50 mL % %
B, MR TR R K IS 3 Fh R IERE SR
S, 28 °C. 200 r/min $IRYRG 557 7 do K%
SRR RR A A AR, i T AR
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1mL HEEAR, 4 °C IR, %,
1.5  DURETE R

BCHE LB [E{AEEFREET 250 mL =M, K
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£ ST e N €= NG T S | S i P DA R
PERLIR YA TIGPEIO6 , #F 30 pL A AHIEY)E
INTFE4t |, 37 °C Jiged ik, WELLs R,
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2 HRAPAT

2.1 X SUEHTRAR XA 3 SRR B 2 R

8 2% SCHI DX SR T] o B PR B A it 3
31 318 BRI, XL S HY 251 #RIEFT 16S
rRNA FJE P 5000 JF 17 X, Hhay 25 3k15
161 th AL E . ENRE Tik&kE ]
(Actinobacteria) fi*) il £k I 24X (Actinobacteria) i) 11 >
H 22 ©F 44 A&, 000 DA w s
(Actinomadura) . 3Bk J& (Agrococcus) . 5 H &
(Agromyces) . JCK: & (Amycolatopsis) . 7 FF
J& (Arthrobacter) . % Ek 14 J& (Blastococcus) .
Brevibacterium . %5 %% ff 1% J& (Catellatospora) . %4
IN KT J& (Curtobacterium) . B % &
(Glycomyces) . #3214 [ )& (Humibacillus) . [1]
i %€ @ J& (Intrasporangium) . J& [ B # )&
(Isoptericola) . 2 [ B J& (Jiangella) . 2 Bk 1 )&
(Kineococcus) . b HL 114 J& (Kitasatospora) . 7% i
FC TR J& (Kocuria) . [E A= T/ J& (Kribbella) . 1£7%
[KTH & (Lentzea) . KFEAMER & (Marmoricola) . /)
Moffl W J8 (Micromonospora) . /N H W &
(Microlunatus) . ## ¥k 4 J& (Micrococcus) . AT B
J& (Microbacterium) . 432 #F i (Mycobacterium) .
i R K W J® (Nocardia) . 2% i K K # )&
(Nocardioides) . fLli# 1< FG 14 J& (Nocardiopsis) . %
B4 T8 J& (Nonomuraea) . & S J& (Oerskovia) | 2
¥ I #T 1 J& (Pseudoclavibacter) . J& /)N 540 15 &
i # K K Je&
(Pseudonocardia) . Phytomonospora . 41 Bk i J&

(Promicromonospora) .

(Rhodococcus) . £ 1114 J& (Saccharopolyspora) .
Hr B4 A B 4 [ 1 )@ (Stackebrandtia) . 55 % )R
(Streptomyces) . [E54% /K 1% J& (Tenggerimyces) . HiAT
4@ (Terrabacter) . Ja B HYT 4 & (Williamsia) . Pt
i 5 J& (Verrucosispora) (AN 2 53 2 FrR).
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Figure 2. The phylogenetic tree of culturable actinobacteria in the karst cave. Neighbour-joining phylogenetic tree
showing the phylogenetic relationship of isolated strains based on 16S rRNA gene sequences. Bootstrap values
expressed as percentages of 1000 replications. Chloroflexus aurantiacus (CP000909) was used as outgroup.
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2. BRINMEEFMEREHREPT S LA
Table 2. The distribution of different genus and

strains

Genus name Species  Strains Ratio of all strains
Actinomadura 1 1 0.39
Agrococcus 2 3 1.19
Agromyces 7 12 4.78
Arthrobacter 4 8 3.18
Blastococcus 2 3 1.19
Brevundimonas 1 1 0.39
Catellatospora 3 4 1.59
Curtobacterium 1 1 0.39
Humibacillus 1 1 0.39
Glycomyces 2 4 1.59
Intrasporangium 1 1 0.39
Isoptericola 3 5 1.99
Jiangella 2 3 1.19
Kineococcus 1 1 0.39
Kitasatospora 1 1 0.39
Kocuria 1 1 0.39
Kribbella 5 8 3.18
Lentzea 1 1 0.39
Marmoricola 1 1 0.39
Micromonospora 17 30 11.95
Micrococcus 3 5 1.99
Microbacterium 10 18 7.17
Microlunatus 1 1 0.39
Mycobacterium 2 4 1.59
Micrococcus 1 1 0.39
Nocardia 9 16 6.37
Nocardioides 3 7 2.78
Nocardiopsis 2 4 1.59
Nonomuraea 3 5 1.99
Oerskovia 1 1 0.39
Pseudoclavibacter 1 1 0.39
Pseudonocardia 1 1 0.39
Promicromonospora 4 6 2.39
Phytomonospora 1 1 0.39
Rhodococcus 14 23 9.16
Saccharopolyspora 1 1 0.39
Stackebrandtia 1 1 0.39
Streptomyces 42 61 24.30
Tenggerimyces 1 1 0.39
Terrabacter 1 1 0.39
Williamsia 1 1 0.39
Verrucosispora 1 1 0.39

actamicro@im.ac.cn
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P ASERE ZE BN, R B s W
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21 Bk 14 J& (Rhodococcus) . 5 K& (Nocardia) 1
2% [K T (Nocardioides) .
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FH 8 g 2 GRS A T, 00 5 3R AT 1Y
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3 it
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CC ISP5 R2A HP HV C

SC TS5 AV

Williamsia Verrucosispora
Terrabacter Streptomyces
Stackebrandia Saccharopolyspora
Rhodococcus Pseudonocardia
Pseudoclavibacter » Promicromonospora
Phytomonospora = Oerskovia

= Nonomuraea Nocardiopsis

« Nocardioides = Nocardia
Mycobacterium * Micromonospora

= Microlunatus = Micrococcus

= Microbacterium = Marmoricola

= Lentzea = Kribbella

= Kocuria * Kitasatospora

= Kineococcus = Jiangella

= [soptericola = [ntrasporangium

= Humibacillus = Glycomyces

=Curtobacterium = Cellulosimicrobium

= Catellatospora = Brevibacterium

= Blastococcus = Arthrobacter

= Amycolatopsis = Agromyces
~ wAgrococcus = Tenggerimyces
38 A8 .
= Actinomadura
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Figure 3.

Comparison of actinobacteria diversity bydifferent isolation medium.

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



1070 Wangin Zhang et al. | Acta Microbiologica Sinica, 2020, 60(6)
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Table 3 Antimicrobial activities of actinobacteria strains

) Gram-staining negative bacteria Gram-staining positive bacteria
Strains EC AB KP MRPA EF BS ML MRSA
Streptomyces abikoensis K10138 - - - - + - - -
Rhodococcus wratislaviensis K10168 - - - - + - - -
Streptomyces rectiviolaceus K10185 - - - - ++ - + +
Micrococcus aloeverae K10093 - - - - _ - + -
Streptomyces malachitospinus K10115 - - - - + - - -
Micromonospora aurantiaca K10092 - - - - - - - +
Streptomyces hygroscopicus K10064 - - - - + - ++ -
Streptomyces angustmycinicus K10065 - - - - + - ++ +
Streptomyces peucetius K10130 - - - - - - _ +
Gordonia rhizosphera K20003 - - - - - - ++ —
Streptomyces maoxianensis K10175 +++ + +++ +++ ++ +4+ 4+ 4+
Microlunatus speluncae K10189 - - - +++ ++ - +++ -
Streptomyces violascens K20007 - - +++ +++ - - +++ -
Streptomyces yunnanensis K10121 +++ ++ +++ 4+ ++ +4+ 44 4+
Streptomyces anulatus KXTP10 +++ ++ +++ ++ ++ ++ T+ .
Micromonospora palomenae K10136 - - - - — - - +
Nocardioides aromaticivorans K58244 - - - - + - + +
Williamsia muralis K69213 - - ++ - + - - _
Nonomuraea lactucae K10068 - - + + + - - -
Nonomuraea roseoviolacea K10070 - + — ++ - - - +
Nocardia aurea K10002 + — + _ ++ ++ ++ +
Streptomyces cavernae K10008 - - ++ + + + + -
Nocardia neocaledoniensis K10112 - - + - + - - -
Streptomyces cirratus SYSU K10145 - - + - + - + -
Streptomyces malachitospinus K10077 - + - ++ ++ + ++ -
Streptomyces endophyticus KD2T11 + - + + ++ - + -
Streptomyces scopuliridis KA1119 + + - - + ++ - +
Streptomyces peucetius K10010 ++ + - + - - + -
Streptomyces netropsis K10173 - + - - + + - -
Micromonospora kangleipakensis K10133 - - - + + + ++ -
Micromonospora echinofusca K10361 - + + + - ++ + -
Micromonospora citrea K10089 - + - + - - - +
Micrococcus flavus KART04 - - - + + - ++ +
Glycomyces algeriensis KA936 - - - + + - _ +
Streptomyces omiyaensis K10181 - + - - - - - -

AB: Acinetobacter baumannii, KP: Klebsiella pneunoniae, MRPA: Multiple-drug resistant Pseudomonas aeruginosa, EC: Escherichia
coli, EF: Enterococcus faecalis, MRSA: Methicillin resistant Staphylococcus aureus, ML: Micrococcus luteus, BS: Bacillus subtilis.
- No activity; +: 6 mm<bacteriostatic diameters<10 mm; ++: 10 mm<bacteriostatic diameters<15 mm; +++: bacteriostatic
diameters>15 mm.
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Diversity and antibacterial activity of culturable actinobacteria
in karst cave soil in Xingyi, Guizhou
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Abstract: [Objective] To investigate the diversity of culturable actinobacteria of samples from karst cave in Xingyi
county of Guizhou province and analyze their ability of production of secondary metabolites. [Methods] The
spread plate method was used to obtain the diversity of culturable actinobacteria from different type Kkarst cave
samples (sediment and rock) with many kinds of media. Three ferments media were selected to detect the
production of secondary metabolite compounds of these culturable actinobacteria. [Results] Through the
comparative analysis based on 16S rRNA gene sequences similarities, we obtained a total of 251 isolates belonging
to 44 genera, among of which the genera Streptomyces, Micromonospora, Rhodococcus, Microbacterium and
Nocardia were the dominant actinobacterial group, and the proportion of them were 24.30%, 11.95%, 9.16%,
7.17% and 6.37%, respectively. During the analysis of production of bioactivity of secondary metabolite
compounds, 35 isolates showed the bioactivity to the indicator pathogen bacteria, among of which were main from
the genera Streptomyces and Micromonospora. [Conclusion] The results indicated that there were richness
actinobacterial resources in the karst cave niche in southwest of Guizhou, and much more isolates had the ability to
produce secondary metabolite compounds, which would become potential species for the pharmaceutical industry,
and hence it had the most value for further exploration and research.
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