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Table 1 Sources of strains used in this study
Strain category Source Number of Genus Reference
representatives
Soil actinomycetes Grasslands in Three River Source area 41 Streptomyces 16
Endophytic actinomycetes Terrestrial medicinal plants 29 Streptomyces 17
Marine-origin actinomycetes  Mangrove sediments from Hainan Province 34 Micromonospora 18
Marine-origin actinomycetes Sea sediments from South China Sea depth 1182 20/8 Sereptom,yces/ This paper
meter Micromonospora
1.1.2
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Table 2 Information of the halogenase gene-positive strains

First BLAST hit of the halogenase

Strain Genus Source GenBank No. PKS I PKS Il NRPS dentity/Positive
xianl3 Streptomyces sp . Soil FJ457055-56 - - - Nocardia farcinica 78% /185 %
dCY39 Streptomyces sp. Soil FJ457057-58 - + + Streptomyces sp. CB2312 88% /96 %
EH5 Streptomyces sp. Soil FJ457059 + + + Streptomyces sp. CB2023  97% /98 %
B8 Streptomyces sp . Plant FJ457041 + + + Amycolatopsis orientalis  67% /81 %
c2 Streptomyces sp . Plant FJ457042-43 + + - Streptomyces globisporus 97 % 198 %
D2 Streptomyces sp. Plant FJ457044-45 + - + Actinosynnema. pretiosum subsp. - Auranticum
57% 166 %
D22 Streptomyces sp. Plant FJ457046-48 + - - Streptomyces globisporus  99% /100%
D43 Streptomyces sp. Plant FJ457049-50 - - - Streptomyces globisporus  100% /100 %
E9 Streptomyces sp . Plant FJ457051-52 + - - Streptomyces globisporus 98 % 198 %
E36 Streptomyces sp . Plant FJ457054 + - - Streptomyces globisporus 100 % /100 %
RTI16 Micromonospora sp.  Mangrove sediment FJ457063-64 - + + Streptomyces sp. CB2023  71%/85%
RTIII8 Micromonospora sp.  Mangrove sediment FJ457065-66 + + + Streptomyces sp. CB2023  71% /84 %
RTIII72 Micromonospora sp.  Mangrove sediment FJ457067-68 - + - Streptomyces tendae  69% /82 %
FXJ7.092 Micromonospora sp.  Marine sediment  FJ884225 - - - Streptomyces sp. CB2312 71% /83 %
FXJ7.097  Micromonospora sp.  Marine sediment  FJ884228 - - - Streptomyces aculeolatus 53 % 166 %
FXJ7.098  Micromonospora sp.  Marine sediment  FJ884229 - - - Streptomyces tendae 69 % /82 %
FXJ7.071 Streptomyces sp. Marine sediment  FJ884220 + + - Amycolatopsis balhimycina  71% /83 %
FXJ7.074 Streptomyces sp . Marine sediment — FJ884221 + + + Streptomyces aculeolatus 45 % /60 %
FXJ7.075 Streptomyces sp . Marine sediment  FJ884222 + + + Streptomyces aculeolatus 46 % /60 %
FXJ7.076 Streptomyces sp . Marine sediment  FJ884240 + + + Streptomyces aculeolatus 46 % /60 %
FXJ7.077 Streptomyces sp . Marine sediment  FJ884223 + + + Amycolatopsis balhimycina  71% /83 %
FXJ7.091 Streptomyces sp. Marine sediment  FJ884224 - + + Amycolatopsis balhimycina  72% /83 %
FXJ7.095  Streptomyces sp. Marine sediment  FJ884226 + + + Amycolatopsis balhimycina  70% /83 %
FXJ7.096  Streptomyces sp. Marine sediment  FJ884227 + + - Amycolatopsis balhimycina  71% /83 %
FXJ7.102 Streptomyces sp . Marine sediment  FJ884230 + + - Amycolatopsis balhimycina 71 % /82 %
FXJ7.103  Streptomyces sp. Marine sediment  FJ884231 + + + Amycolatopsis balhimycina  71% /82 %
FXJ7.109 Streptomyces sp . Marine sediment — FJ884232 + + + Amycolatopsis balhimycina 71 % /83 %
FXJ7.112  Streptomyces sp. Marine sediment — FJ884233 + + + Amycolatopsis balhimycina  71% /83 %
FXJ7.113  Streptomyces sp. Marine sediment ~ FJ884234 + + + Amycolatopsis balhimycina  71%/82%
FXJ7.116 Streptomyces sp . Marine sediment  FJ884235 + + + Streptomyces aculeolatus 46 % /60 %
FXJ7.117  Streptomyces sp. Marine sediment  FJ884236 + + + Amycolatopsis balhimycina  71% /82 %
FXJ7.119 Streptomyces sp . Marine sediment — FJ884237 + - + Amycolatopsis balhimycina  70% /81 %
FXJ7.121 Streptomyces sp. Marine sediment — FJ884238 + - - Streptomyces aculeolatus 45 % /60 %
FXJ7.123  Streptomyces sp. Marine sediment  FJ884239 + + + Amycolatopsis balhimycina  70% /82 %
FXJ7.129  Streptomyces sp. Marine sediment  FJ884219 + + - Amycolatopsis balhimycina  71%/82%
FXJ7.023 Streptomyces sp . Marine sediment  FJ457061-62 + + + Amycolatopsis balhimycina 70 % /82 %
14.3% 69.0%
7.3% 2.2 PKS NRPS
15
24.1%
36.6%

14.3% PKS I PKS II NRPS
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—— Streptomyces sp. 7.113 (FJ884234)
— Streptomyces sp. 7.123 (FJ884239)
— Streptomyces sp. 7.091 (FJ884224)
—— Streptomyces sp. 7.117 (FJ884236)
—— Streptomyces sp. 7.071 (FJ884220)
— Streptomyces sp. 7.112 (FJ884233)
A 100 — Streptomyces sp. 7.109 (FJ884232)
Y Streptomyces sp. 7.096 (FJ884227)
— Streptomyces sp. 7.103 (FJ884231)
— Streptomyces sp. 7.102 (FJ884230)
—— Streptomyces sp. 7.077 (FJ884223)
—— Streptomyces sp. 7.095 (FJ884226)
Streptomyces sp. 7.129 (FJ884219)
— Streptomyces sp. 7.023 (FJ457061)
— Streptomyces sp. 7.119 (FJ884237)
Streptomyces sp. B8 (FJ457041)
64— Streptomyces fungicidicus ATCC 21013 (DQ403252)
Micromonospora sp. 7.092 (FJ884225)
59 Streptomyces sp. EH5 (FJ457059)
100 63 Streptomyces sp. dCY39 (FJ457057)
Streptomyces lavendulae (AF386507)
— Amycolatopsis balhimycina DSM 5908 (Y16952)
Amycolatopsis orientalis PCZA 361.26 (AJ223998)
—— Amycolatopsis orientalis IFO 128067 (AF486630)
95 —— Actinoplanes teichomyceticus DSM 43866 (AJ632270)
69 — Nonomuraea sp. ATCC 39727 (AJ561198)
72 Streptomyces toyocaensis NRRL 15009 Stal (STU82965)
81 Streptomyces toyocaensis NRRL 15009 StaK (STU82965)
—— Micromonospora sp. RtllI8 (FJ457065)
66 100 I—I\/iicromonospora sp. Rtl16 (FJ457063)
—— Streptomyces sp. E9 (FJ457051)
— Streptomyces sp. D22 (FJ457046)
[ Streptomyces sp. D43 (FJ457049)
00— Streptomyces globisporus C-1027 (AY048670)
— Streptomyces sp. C2 (FJ457042)
— Streptomyces sp. E36 (FJ457054)
65 Streptomyces aculeolatus NRRL 18422 (EF397638)
90 Micromonospora sp. 7.097 (FJ884228)
—— Micromonospora echinospora NRRL 15839 (AF497482)

74
97

— Streptomyces sp. 7.116 (FJ884235)
— Streptomyces sp. 7.076 (FJ884240)
Streptomyces sp. 7.074 (FJ884221)
— Streptomyces sp. 7.075 (FJ884222)
— Streptomyces sp. 7.121 (FJ884238)
100 —— Actinosynnema pretiosum subsp. auranticum ATCC 31565 (AF453501)
L Streptomyces sp. D2 (FJ457044)
74 Streptomyces viridochromogenes (AX535360)
Streptomyces sp. Xian13 (FJ457055)
65 — Streptomyces tendae Tud042 (AM492533)
100 _|: Micromonospora sp. 7.098 (FJ884229)
91 Micromonospora sp. RTIII72 (FJ457067)

77

D
T

Streptomyces antibioticus (DQ116941)

1
Fig.1 Neighbor-joining tree based on halogenase amino acid sequences of isolates normal and known halometabolite-producing strains bold  the cut-
off value for condensed tree is 50% . Numbers in parentheses represent the GenBank sequence accession numbers. Percentage bootstrap values based on

1000 resampled datasets are shown at the nodes only values above 50% are given.
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Analysis of the halogenase gene in actinomycetes from different habitats and its

implications for halometabolite discovery

Peng Gao Lijun Xi Yuhua Piao Jisheng Ruan Ying Huang”
State Key Laboratory of Microbial Resources Institute of Microbiology Chinese Academy of Sciences Beijing 100101 China

Abstract Objective To compare the halometabolite producing capability between actinomycetes of earth origin and marine
origin based on genetic screening of the 1 5-dihydroflavin adenine dinucleotide =~ FADH,-dependent halogenase gene.
Methods We used 141 actinomycete isolates that were dereplicated by phenotype 70 of earth origin and 71 of marine origin
and obtained halogenase gene fragments from them by PCR screening. We then sequenced the PCR products and analyzed
corresponding amino acid sequences phylogenetically. We made further comparison of the halogenase sequences between
actinomycetes of different origins and between marine-origin streptomycetes and marine-origin Micromonospora isolates. In
addition we detected polyketide synthase PKS and non-ribosomal peptide synthetase NRPS genes by PCR in the halogenase
gene-positive isolates.  Results We observed higher occurrence of the halogenase gene in marine-origin actinomycetes
36.6% than in earth-origin actinomycetes 14.3%  and in marine-origin streptomycetes 69.0% than in marine-origin
Micromonospora isolates 14.3% . Most 86.1% of the halogenase gene-positive isolates contained PKS and/or NRPS genes.
Moreover the halogenase sequences of marine-origin isolates differed largely from the known ones and clustered into a couple of
distinct clades in the phylogenetic tree. In addition we found greater diversity of the halogenase genes in marine-origin
Micromonospora isolates than in marine-origin streptomycetes. Conclusion Based on the results of this study we propose that
actinomycetes especially streptomycetes from marine habitat could serve as a good source for new bioactive halometabolite
discovery in the future.
Keywords halogenase  genetic screening  marine-origin actinomycetes  earth-origin actinomycetes  streptomycetes

Micromonospora
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