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Diversity and bioactivity of un-cultured and cultivable actinomycetes
from threetoxic plantsin Xishuangbanna, China

CHEN Dong-Bo' LIU Cheng-Bin*?* JANG Yi" LYU Yuan-Lin® JANG Cheng-Lin

(2. Yunnan Institute of Microbiology, Yunnan University, Kunming, Yunnan 650091, China)
(2. College of Life and Health Sciences, Northeastern University, Shenyang, Liaoning 110819, China)
(3. Kunming Institute of Botany, Chinese Academy of Sciences, Kunming, Yunnan 650204, China)

Abstract: [Background] People tend to study endophytic actinomycetes to discover new compounds
due to the increasing difficulty to obtain new compounds from soil actinomycetes and antibiotic
abuse causing increased resistance of pathogens. [Objective] We explored the diversity of
endophytic actinomycetes isolated from toxic plants in Xishuangbanna tropical rainforest, and
isolated strains with antibacterial potential to develop new drugs. [Methods] We analyzed
communities of endophytic actinomycetes from three toxic plants, Antiaris toxicaria Lesch.,
Alangium chinense (Lour.) Harms and Lantana camara L. by Illumina HiSeq high-throughput
sequencing and culture-dependent approach. Antimicrobial activity was screened by disk diffusion
test and seven synthetic genes were detected by PCR amplifications. [Results] Strains from 3 toxic
plants were identified at the phylum level with 2 phyla of the Archaea, 18 phyla and the tentative
RsaHF231, WD272 of the bacteria. And 30 genera of actinomycetes were detected at the genus level.
Both the microbial community structure of Alangium chinense (Lour.) Harms and Lantana camara
L. were more abundant than Antiaris toxicaria Lesch. In total 34 strains of 11 genera were isolated
from culture-dependent approach. Most of the genus detected by high-throughput could not be
obtained through pure culture. The antibacterial activity results showed that Streptomyces had broad
spectrum antimicrobial activity. The detection rates of NRPS and PKS in Streptomyces were
significantly higher than other compounds synthetic gene. [Conclusion] The diversity of endophytic
actinomycetes in toxic plants is very rich. Actinomycetes in the toxic plants secondary metabolites
synthesis have enormous potential to provide an abundant microbial resource for the development of
biological pesticides and antibiotics.

Keywords: Toxic plant, Actinomycetes, Diversity, Antimicrobial activity, Biosynthetic genes
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Tablel Theprimersused in screening of genes associated with secondary metabolites producing

Gene name Gene length (bp) Primer name Primer sequence (5—3') References

PKS 1200-1 400 K1F TSAAGTCSAACATCGGBCA [21]
M6R CGCAGGTTSCSGTACCAG

PKSI 600 KSa TSGCSTGCTTGGAYGCSATC [22]
KSB TGGAANCCGCCGAABCCTCT

NRPS 900 A3F GCSTACSY SATSTACACSTCSGG [21]
ATR SASGTCVCCSGTSCGGTAS

APH 600 STR-F CGGCTGCTCGACCACGAC [23]
STR-R GTCCTCGATGTCCCACAG

HMG-CoA 900 HMGF GGGCATCGCCGCGACCCTCGTCGACGAGCG [24]
HMGR GCGATGACGGCGAGGCGGCGGGCGTTCTC

CYP 350 PEH-1 TGGATCGGCGACGACCGSVYCGT [25]
PEH-2 CCGWASAGSAYSCCGTCGTACTT

SAL 750 5F AACGCACGCCGTCGTTCTC [26]
5R ACCAGCCACTTGCCGTCCTC
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Table2 Summary of the high-throughput sequencing data
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Figure 1 Rarefaction curves of endophyte diversity in

threetoxic plants
JDM1.1

« )
Note: JIDM1.1: Antiaris toxicaria Lesch.; BJF1.1: Alangium chinense
(Lour) Harms;, MYD1.1: Lantana camara L. (The same as
below).

BJF1.1 MYD1.1

Chaol Simpson Shannon
Sample Taxon tags OTUs Coverage Chaol index Simpson index Shannon index
A. toxicaria 54 726 434 623.056 0.874 4.444
A. chinense 74 425 681 686.186 0.225 1.430
L. camara 75 201 680 669.275 0.265 1.477
Total 204 352 1795
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Figure 2 UPGMA clustering trees based on Weighted
Unifrac distance

1105
30
15 29
28
(Acidothermus) (Actinoallomurus)
(Amycolatopsis)
(Arthrobacter) (Bifidobacterium)

(Brachybacterium)

(Catenulispora) (Cellulomonas)

(Cdllinsdlla) (Crossiela)
(Enterorhabdus) (Glycomyces) lamia
Jatrophihabitans (Kribbella)
(Leucabacter) (Marmoricola)
(Micraobacterium) (Nocardiides)

(Olsenella) (Propionibacterium)
(Pseudonocardia)
(Rhodococcus) (Rubrobacter)
(Sanguibacter) Senegalimassilia
(Sporichthya) (Streptomyces)

(Actinocatenispora)
(Brevibacterium)
22 HIEFHEESHEMESHT
221 HEFIBEAERKESHEN
151 6 3
11 34
BLAST
(Streptomycineage) (Corynebacterneae)
(Micrococcinese)
(Micromonosporinese) 4
(Streptomyces) 15
(Mycobacterium) 1
1 (Microbacterium) 6
(Cellulosimi- crobium) 4

(Dietza) 1
(Verrucosispora)

(Arthrobacter)
2 (Brachybacterium) 1
(Dermaco- ccus) 1 (Microcaccus) 1

(Micromonospora) 1

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1106 A - i Microbiol. China

3 3 (2] YIM 140292-2
> > Microbacterium ginsengiterrae DCY 37" (EU873314)
98.1% 70%—80%
16S
rRNA 98%

# 3 3MEBEYNEERSBRERLEM 16SrRNA EFBUHEREFF
Table 3 Actinomycetes isolated from three kinds of toxic plants with pure culture and similarity values for 16S rRNA
gene sequences

(GenBank )
No. Host plant Organ Closest cultivated species (GenBank accession No.) Similarity (%)
YIM 140329 Streptomyces hydrogenans NBRC13475" (AB184868) 99.9
YIM 140330 Cellulosimicrobium cellulans LMG16121" (CAOI01000359) 99.9
YIM 140331 Streptomyces hydrogenans NBRC13475" (AB184868) 100.0
YIM 140334 Brachybacterium paraconglomeratum LMG19861" (AJ415377) 99.3
YIM 140335 Streptomyces hydrogenans NBRC13475" (AB184868) 100.0
YIM 140337 Streptomyces malachitospinus NBRC101004" (AB249954) 99.6
YIM 140339 Streptomyces tendae ATCC19812" (D63873) 99.9
YIM 140340 Streptomyces malachitospinus NBRC101004" (AB249954) 99.8
YIM 140341-2 Microbacterium maritypicum DSM12512" (AJ853910) 99.9
YIM 140350 Streptomyces badius NRRLB-2567" (AY 999783) 99.9
YIM 140351 Streptomyces puniceus NBRC12811" (AB184163) 100.0
YIM 140352 Streptomyces drozdowiczii NBRC101007" (AB249957) 99.9
YIM 140353 Streptomyces badius NRRLB-2567" (AY 999783) 99.9
YIM 140357 Mycobacterium neworleansense ATCC49404" (AY 457068) 99.7
YIM 140361 Microbacterium paraoxydans CF36" (AJ491806) 99.1
YIM 140363 Streptomyces roseolus NBRC12816" (AB184168) 99.7
YIM 140372-1 Arthrobacter agilis DSM20550" (X80748) 98.7
YIM 140372-2 Arthrobacter agilis DSM20550" (X80748) 98.7
YIM 140375 Micrococcus endophyticus YIM56238" (EU005372) 99.6
YIM 140378 Streptomyces anulatus NRRLB-2000" (DQ026637) 99.9
YIM 140379-1 Verrucosispora andamanensis SP03-05" (JX524154) 100.0
YIM 140386 Streptomyces coelescens DSM40421" (AF503496) 100.0
YIM 140387-1 Streptomyces coelescens DSM40421" (AF503496) 99.9
YIM 140387-2 Microbacterium resistens DMMZ1710" (Y 14699) 99.7
YIM 140390 Dietzia cercidiphylli YIM65002" (EU375846) 100.0
YIM 140395 Cellulosimicrobium cellulans LMG16121" (CAOI101000359) 99.8
YIM 140396 Cellulosimicrobium cellulans LMG16121" (CAOI01000359) 99.9
YIM 140397 Microbacterium maritypicum DSM12512" (AJ853910) 100.0
YIM 140400 Streptomyces anulatus NRRL B-2000" (DQ026637) 99.9
YIM 140401 Cellulosimicrobium cellulans LMG16121" (CAOI101000359) 99.8
YIM 140403 Microbacterium murale 1-Gi-001" (HE585693) 99.4
YIM 140422 Micromonospora chersina DSM44151" (X92628) 99.4
YIM 140429-2 Microbacterium ginsengiterrae DCY 37" (EU873314) 98.1
YIM 140430 Dermacoccus nishinomiyaensis DSM 20448 (X 87757) 99.4
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*4 SMEBEVRBERSABFREREESHM

Table4 Diversity of non-culture and cultivable endophytic actinomycete with 3 toxic plants

Cultivable Non-culture
Genus JDM1.1 BJF1.1 MYD1.1 JDM1.1 BJF1.1 MYD1.1

Acidothermus + +
Actinoallomurus + +
Actinocatenispora + +
Amycolatopsis + +
Arthrobacter + + + +
Bifidobacterium + + +
Brachybacterium + + + +
Brevibacterium +
Catenulispora + +
Cellulomonas + +
Cellulosimicrobium + +
Collinsella + +
Crossiella +
Dermacoccus +
Dietzia +
Enterorhabdus + + +
Glycomyces + +
lamia + +
Jatrophihabitans + +
Kribbella + +
Leucobacter + + +
Marmoricola + +
Microbacterium + + + +
Micrococcus
Mycobacterium +
Micromonospora +
Nocardiides + +
Olsenella + + +
Propionibacterium + +
Pseudonocardia + +
Rhodococcus + + i
Rubrobacter + +
Sanguibacter + + +
Senegalimassilia i + +
Sporichthya + +
Streptomyces + + + + + +
Verrucosispora
Unidentified_Acidimicrobiales + +
Unidentified_Coriobacteriaceae +
Unidentified_Gaiellales + +

Total 6 4 6 15 29 29

+ *

( 3 ( 5
Note: +: The genus had been detected or isolated; Blank: The genus had not been detected or isolated; *: The Streptomyces in Alangium
chinense (Lour.) Harms had been isolated but polluted in the later exiperiment, which didn’t show in the table 3 and table 5.
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x5 BAEEVMAIEFNEREERN 7 XULESDEREREN

Table5 Seven kinds of genes of cultivable actinobacteria from toxic plants

No. PK S| PKS-I NRPS N HMAG-COA SAL CYP
YIM 140329 + - + - - - +
YIM 140330 - - - - - - -
YIM 140331 i - i - - - i
YIM 140334 - - - - - - -
YIM 140335 i - i - - - i
YIM 140337 - + + = = = =
YIM 140339 - + + = = = =
YIM 140340 4 4 4 4 - - -
YIM 140341-2 - - - - - - -
YIM 140350 - 4 4 4 - - -
YIM 140351 - 4 4 4 - - -
YIM 140352 4 4 4 - - - 4
YIM 140353 4 - 4 4 - - -
YIM 140357 + = + - - - -
YIM 140361 - = = + - - -
YIM 140363 - + + - - - -
YIM 140372-1 - = = = = = +
YIM 140372-2 - = = + = - +
YIM 140375 - - - - - - -
YIM 140378 + + + - - - -
YIM 140379-1 + + + - - - -
YIM 140386 - + + - - - -
YIM 140387-1 - + - - - - -
YIM 140387-2 - - - - - - -
YIM 140390 - - - - - - -
YIM 140395 - - - - - - -
YIM 140396 - - - - - - -
YIM 140397 + = = = = = =
YIM 140400 - i i i - - -
YIM 140401 - - - - - - -
YIM 140403 - i i i - - -
YIM 140422 + = = = = = =
YIM 140429-2 - = + = = = =
YIM 140430 - - - - - - -

+ —

Note: +: Positive; —: Negative.
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