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activity and secondary metabolites biosynthesis genes of endophytic actinobacteria isolated from
Glycyrrhizain flata Bat. were studied. [Methods] 80 endophytic actinobacteria strains were isolated
from Glycyrrhizain flata Bat. by employing five selective media and three isolated procedures. 36
representative strains were selected for antimicrobial activity analysis and amplifying genes coding
for polyketide synthases (PKS I, PKS II), nonribosomal peptide synthetases (NRPS) and halogenated
enzyme gene (Halo). Based on the results of antimicrobial activity, 20 representatives were chosen
for 16S rRNA gene sequencing. [Results] The better separating conditions were observed with
Medium E2 and E3 combined with dry-air treatment. 86.1% out of 36 representative strains showed
antimicrobial activity against at least one of tested pathogenic organisms, and the number of strains
with PKSI, PKSII, NRPS and halogenated enzyme gene fragments matching the anticipated length
were 16.7%, 72.2%, 25.0%, 11.1%. According to the phylogenetic analysis, twenty isolates were
belonging to Streptomyces, Micromonospora, Rhodococcus and Actinoplanes, respectively.
Streptomyces was the most common endophytic actinobacteria of Glycyrrhizain flata Bat.,
accounting for above 60%. [Conclusion] Liquorice is traditional chinese medicinal plant, the strains
isolated from Glycyrrhizain flata Bat. are potent source which produce multiple compounds and can
be further explored.

Keywords: Glycyrrhizain flata Bat., Endophytic actinobacteria, Antibacterial activity, Synthesis gene
of secondary metabolites
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Table 1 The antimicrobial activities of endophytic actinobacteria isolated from Glycyrrhizain flata Bat.

Indicator organism

Isolates No.

1 2 3 4 5 6 7 8 9 10
SCAU7001 + ++ -+ + = — _ — , -
SCAU7002 - - - - ++ 4 s A 4 -
SCAU7003 = = - + - = 4 - + +
SCAU7004 - = = ++ - - - ++ + +
SCAU7005 i A 4HF = +++ + A=A ++ 4 =
SCAU7006 4 + - - = — — + _ _
SCAU7007 i + - - = = - _ _ _
SCAU7008 i + - - = = - _ _ _
SCAU7009 ++ + ++ — — +++ — — ++ 4+
SCAU7010 A F I ++ S = S - = =
SCAU7011 A A 4 A= + ++ ++ e e e
SCAU7012 - - - — = - + - + _
SCAU7013 TN ++ = - - _ _ _ o nnn
SCAU7014 4 4 = T A AR A A+ A+ +++
SCAU7015 i A = 4 4 4 + 4+ = —
SCAU7016 + - - e - _ _ T+ 4 4
SCAU7017 = = - - = = - - _ _
SCAU7018 = = = - - = = — _ _
SCAU7019 = = = - - = 4 — _ _
SCAU7020 = = = - - = = _ — _
SCAU7021 - - - — = - - - + _
SCAU7022 = = = - — o = - — _
SCAU7023 4 ++ ++ = = + — _ T+ Tt
SCAU7024 = = = - - = = — _ _
SCAU7025 = + + - - 4 = _ _ +
SCAU7026 i + - - 4+ = + _ _ _
SCAU7027 = = - - - — 4 — _ _
SCAU7028 = = = + - 4 = - _ _
SCAU7029 4 == + ++ ++ ++ 4 = — _
SCAU7030 + + ++ + - - + - + —+
SCAU7031 = = - - = — — _ +
SCAU7032 + ++ 3 = + + = - 4+t +
SCAU7033 F I ++ + - — 4 - + Tt
SCAU7034 = = - - — = - — _ _
SCAU7035 = = - - = = + - _ _
SCAU7036 = = - - = = - - _ _
1 2 3 4 5 6 7
8 9 10 . + 03mm ++ 4-6mm +++ 7-9mm ++++
10-12mm -

Note: Indicator bacteria: 1: Escherichia coli; 2: Bacillus subtilis; 3: Staphylococcus aureus; 4: Alternaria solani; 5: Colletotrichum orbiculare;
6: Gibberella fujikuro; 7: Rhizoctonia solani; 8: Cucumber fusarium; 9: Fusarium oxyspirum; 10: Curvularia lunata. Inhibiting activity: +:
0-3 mm; ++: 4—6 mm; +++: 7-9 mm; ++++: 10—12 mm; —: No inhibiting activity.
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Figure 3 PCR amplification of PKS I (A), PKS Il (B), NRPS (C) and Halo (D) genes from genomic DNA of isolates
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Table 2 The detection results of PKS I, PKS II, NRPS and Halo gene fragments of endophytic actinobacteria isolated
from Glycyrrhizain flata Bat.

Synthetic genes

Isolates No.

PKS1 PKS IT NRPS Halogenase
SCAU7001 - * - -
SCAU7002 - 2 - -
SCAU7003 - 2 - 2
SCAU7004 - & - -
SCAU7005 - * * -
SCAU7006 - * * -
SCAU7007 - * - -
SCAU7008 - 2 - 2
SCAU7009 - 2 2 -
SCAU7010 - & * -
SCAU7011 = = - *
SCAU7012 = & & -
SCAU7013 * * - -
SCAU7014 - - 2 -
SCAU7015 & 2 - 2
SCAU7016 & & - -
SCAU7017 & & - -
SCAU7018 = & - -
SCAU7019 - * - -
SCAU7020 - 2 2 -
SCAU7021 - 2 2 -
SCAU7022 - 2 - -
SCAU7023 - 2 - -
SCAU7024 - 2 - -
SCAU7025 & 2 - -
SCAU7026 - 2 - -
SCAU7027 - 2 2 -
SCAU7028 & 2 - -
SCAU7029 - 2 - -
SCAU7030 - - - -
SCAU7031 - - - -
SCAU7032 - - - -
SCAU7033 - - - -
SCAU7034 - - - -
SCAU7035 - - - -
SCAU7036 - - - -

* —

Note: *: Gene detected; —: Gene not detected.
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Figure 4 Neighbor-joining phylogenetic tree analysis of 16S rRNA gene of endophytic actinobacteria isolated from
Glycyrrhizain flata Bat.
GenBank Bootsrap

Note: Numbers in parentheses represent the sequesnces accession No. The numbers at the nodes indicate the level of bootstrap support
(%) based on 1 000 resampled data sets, only values above 50% are given. The scale bar corresponds to 0.02 substitutions per nucleotide
position.

3 Wie

[24]
Muscholl-

Silberhorn ¥
[25]

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



2146

AEY) 4R Microbiol. China

2016, Vol.43, No.10

[26]

E2 E3 E43

28] (4]

[21]

[3]

36 PKS1 PKSII

16.7%

NRPS

72.2% 25.0%

(6]
11.1%

I PKS

PKS Il

[7]
Sun

(29] PKS I

10 PKS I (8]

Micromonospora sp. A5-1
Jadomycin B

[18]

SCAU7032 PKS 11

10

NRPS

[30]

% 3

Stone JK, Bacon CW, White JF. An overview of endophytic

microbes: endophytism defined[A]//Bacon CW, White JF.

Microbial Endophytes[M]. New York: Dekker, 2000

Bérdy J. Bioactive microbial metabolites[J]. The Journal of

Antibiotics, 2005, 58(1): 1-26

Zhao K, Penttinen P, Guan TW, et al. The diversity and

anti-microbial activity of endophytic actinomycetes isolated from

medicinal plants in Panxi plateau, China[J]. Current Microbiology,

2011, 62(1): 182-190

Li XJ, Yang WD, Wen H. Brief analysis of resource of Xinjiang

licorice[J]. Research and Information on Traditional Chinese

Medicine, 2002, 4(2): 26-29 (in Chinese)
,2002, 4(2): 26-2

Asl MN, Hosseinzadeh H. Review of pharmacological effects of

Glycyrrhiza sp. and its bioactive compounds[J]. Phytotherapy

Research, 2008, 22(6): 709-724

Eu CHA, Lim WY, Ton SH, et al. Glycyrrhizic acid improved

lipoprotein lipase expression, insulin sensitivity, serum lipid and

lipid deposition in high-fat diet-induced obese rats[J]. Lipids in

Health and Disease, 2010, 9(1): 81

Zhu S, Sugiyama R, Batkhuu J, et al. Survey of Glycyrrhizae

Radix resources in Mongolia: chemical assessment of the

underground part of Glycyrrhiza uralensis and comparison with

Chinese Glycyrrhizea Radix[J]. Journal of Natural Medicines,

2009, 63(2): 137-146

Crawford DL, Lynch JM, Whipps JM, et al. Isolation and

characterization of actinomycete antagonists of a fungal root

pathogen[J]. Applied and Environmental Microbiology, 1993,

.

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



2147

[9]

[11]

[12]

[13]

[14]

[15

[t}

[16]

[17

—

(18]

[19

[}

59(11): 3899-3905
Vickers JC, Williams ST, Ross GW. A taxonomic approach to
selective isolation of Streptomycetes from soil[A]//Ortiz-Ortiz L,
Bojalil LF, Yakoleff V. Biological, Biochemical, and Biomedical
Aspects of Actinomycetes[M]. Orlando: Academic Press, 1984,
69: 553-561
Davis KER, Joseph SJ, Janssen PH. Effects of growth medium,
inoculum size, and incubation time on culturability and isolation
of soil bacteria[J]. Applied and Environmental Microbiology,
2005, 71(2): 826-834
Peng YX, Jiang Y, Duan SR, et al. Selective isolation methods of
rare actinomycetes[J]. Journal of Yunnan University (Natural
Sciences Edition), 2007, 29(1): 86-89 (in Chinese)
Pk, 2, . [71.
( ),2007,29(1): 86-89

Yuan HL, Wang HX. Agricultural Microorganisms and
Experiment Tutorial[M]. Beijing: China agricultural university
press, 2008: 470 (in Chinese)

> . [M].
,2008: 470
Chen HH, Yang Y, Jiang Y, et al. Method of endophytic
actinomycetes separation from the plant[J]. Microbiology China,
2006, 33(4): 182-185 (in Chinese)

> > » - [J].

, 2006, 33(4): 182-185

Li J, Zhao GZ, Chen HH, et al. Antitumour and antimicrobial
activities of endophytic Streptomycetes from pharmaceutical
plants in rainforest[J]. Letters in Applied Microbiology, 2008,
47(6): 574-580
Muscholl-Silberhorn A, Thiel V, Imhoff JF. Abundance and
bioactivity of cultured sponge-associated bacteria from the
Mediterranean sea[J]. Microbial Ecology, 2008, 55(1): 94-106
Zhao K. Diversity and antimicrobial activity of endophytic
actinobacteria from the medicinal plants in Panxi region[D].
Ya’an: Doctoral Dissertation of Sichuan Agricultural University,
2011 (in Chinese)

[D]. ,2011
Ruan JS, Huang Y. The Rapid Identification and Classification of
Actinobacteria[M]. Beijing: Science Press, 2011 (in Chinese)
, . [M].

,2011

Ayuso A, Clark D, Gonzalez I, et al. A novel actinomycete strain
de-replication approach based on the diversity of polyketide
synthase and nonribosomal peptide synthetase biosynthetic
pathways[J]. Applied Microbiology and Biotechnology, 2005,
67(6): 795-806

Ayuso-Sacido A, Genilloud O. New PCR primers for the
screening of NRPS and PKS-I systems inaction mycetes: detection
and distribution of these biosynthetic gene sequences in major

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

taxonomic groups[J]. Microbial Ecology, 2005, 49(1): 10-24
Metsé-Ketelda M, Salo V, Halo L, et al. An efficient approach for
screening minimal PKS genes from Streptomyces[J]. FEMS
Microbiology Letters, 1999, 180(1): 1-6
Hornung A, Bertazzo M, Dziarnowski A, et al. A genomic
screening approach to the structure-guided identification of drug
candidates from natural sources[J]. ChemBioChem, 2007, 8(7):
757-766
Nie M, Zhang XD, Wang JQ, et al. Rhizosphere effects on soil
bacterial abundance and diversity in the Yellow River Deltaic
ecosystem as influenced by petroleum contamination and soil
salinization[J]. Soil Biology and Biochemistry, 2009, 41(12):
2535-2542
Tamura K, Peterson D, Peterson N, et al. MEGAS5: molecular
evolutionary genetics analysis using maximum likelihood,
evolutionary distance, and maximum parsimony methods[J].
Molecular Biology and Evolution, 2011, 28(10): 2731-2739
Bérdy J. Thoughts and facts about antibiotics: where we are now
and where we are heading[J]. The Journal of Antibiotics, 2012,
65(8): 385-395
Si MR, Xue QH, Lai HX. Studies on selection of the isolation
medium for actinomycetes and inhabition methods to
miscellaneous microorganism[J]. Microbiology China, 2004,
31(2): 61-65 (in Chinese)

[9]. ,2004, 31(2): 61-65
Chen XH, Wei G, Liu SY, et al. Growth kinetics and phenol
degradation of highly efficient phenol-degrading Ochrobactrum
sp. CH10[J]. Environmental Science, 2012, 33(11): 3956-3961 (in
Chinese)
Ochrobactrum sp.

, 2012,

CH10 [J].
33(11): 3956-3961

Jensen PR, Mincer TJ, Williams PG, et al. Marine actinomycete
diversity and natural product discovery[J]. Antonie van
Leeuwenhoek, 2005, 87(1): 43-48

Xu P, Li WJ, Gao HY, et al. Study on biodiversity of
type | & Il polyketide synthesis genes positive microorganisms[J].
Acta Microbiologica Sinica, 2005, 45(6): 821-827 (in Chinese)

[J1. ,2005, 45(6): 821-827
Sun W, Peng CS, Zhao YY, et al. Functional gene-guided
discovery of Type II Polyketides from culturable actinomycetes
associated with soft coral Scleronephthya sp.[J]. PLoS One, 2012,
7(8): e42847

Zheng YK, Liu K, Xiong ZJ, et al. Research progress on
biodiversity of endophytic actinobacteria in medicinal plants and
their bioactive substances Chinese[J]. Traditional and Herbal
Drugs, 2014, 45(14): 2089-2096 (in Chinese)

1. , 2014, 45(14): 2089-2096

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



