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Table 1  Some physiological and biochemical properties of the 10 tested strains
Isolates No. 1 2 3 4 5 6 7 8 9 10
Growth at 4% NaCl - + - - - - - - - -
Optimum growth temperature °C 28 28 37 37 28 37 28 28 28 28
Gelatin liquefaction + + + + - - - - - -

Milk peptonization - - - - - - - - _ _

Milk coagulation - - - - - _ - _ _ _

Starch hydrolysis - + - - - - + + _ +
Nitrate reduction + - - - - - - - _ _
H, S production - - + - - - _ + - _
Melanin production + + + + - - — _ _

Growth in cellulose - - - - - - - — _ _

Xanthine hydrolysis + + + + + + + + - -
Hypoxanthine hydrolysis - + - + - - + - - _
Carbon utilization 1%

Ribose + + + + + + + + + +
Xylose + + + + + + + + + +
Glucose + + + + + + + + + +
L-Arabinose + + + + + + + + + +
Fructose + + + + + + + + + +
Galactose + + + + + + + + + +
Maltose + + + + + + + + + +
Melibiose + + + + + + + + + +
Raffinose + + + + + + + + + +
Rhamnose + - - + - — + _ _ _
Sucrose + + - + + + + + + +
Trehalose + = p + - - + - — _
Meso-inositol + - + _
Mannitol + + + + + +
Sorbitol + - - + - - + - — _
Sodium citrate + - - - - - - - - -
Sodium acetate + - - - - - - - - _

12 represent strains YIMOO1 YIM 31724 YIM 31775 YIM 33309 YIM 33361 YIM 33378 YIM 34793 YIM 34827 YIM 37225 and
YIM 37251 respectively + Positive - Negative + Variable.

2 10 16S rDNA BLAST
Table 2 The results of Gram stain amino acid composition and BLAST analysis with 16S rDNA sequences of the 10 test strains
Strains No. (;ZII? Amino-acids Closest type strains gllrgja;[:}ljé/b Genera
YIM 001 G+ L-DAP S . sampsonii ATCC 254957 97.6 Streptomyces
YIM 31724 G+ L-DAP S. rimosus subsp. rimosus JCM 4667" 98.8 Streptomyces
YIM 31775 G- unknown Janthinobacterium agaricidamnosum W1x3" 95.5 unknown
YIM 33309 G+ meso-DAP Nonomuraea turkmeniace DSM43926" 98.1 Nonomuraea
YIM 33361 G+ meso-DAP Nocardia paucivorans DSM 44386" 96.9 Nocardia
YIM 33378 G+ meso-DAP Nocardia paucivorans DSM 44386" 97.9 Nocardia
YIM 34793 G- L-Lys Achromobacter piechaudii ATCC 435527 99.2 Achromobacter
YIM 34827 G+ meso-DAP Georgenia muralis 1A-C" 96.0 unknown
YIM 37225 G+ meso-DAP Mycobacterium hodleri DSM 44183" 97.6 Mycobacterium
YIM 37251 G+ meso-DAP Streptosporangium amethystogenes DSM 43197" 98.9 Streptosporangium
2.3 16S rDNA GenBank
PKS
10 1 A-F
16S rDNA 10
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0.01 0.01
A 100%S.niger DSM 430497 (A1621607) N.beijingensis AS4.1521" (AF154129)
B

S olivaceiscleroticus DSM 40595 (AJ621606)

100% S.purpurogeneiscleroticus DSM 431 56" (A1621604)
S.violens DSM 40597 (A)621605)

YIM 31724

S.rimosus subsp. rimosus JOM 4667' (AB045883)
S.erumpens DSM 40941" (AT621603)

S.sclerotialus DSM 430327 (AJ621608)

N.tenerifenis DSM 44704" (AJ556157)
N.brasiliensis DSM 43758" (AF430038)
N.transvalensis DSM43405" (AF430047)
N.abscessus IMMIBD-1592" (AF218292)
N.asteroids DSM 43757" (AF430019)
N.neocaledonica SBHROAG" {AY282603)

99% 5. chrestomyceticus DSM 40545 (AT621609) N.cyriacigeorgica DSM 444847 (AF430027)
N.paucivorans DSM 44386 (AF179865)

92| S.nmosus subsp. paromomycinus DSM 414297 (Al621610)
S.albofuciens ICM 43427 (AB045880) 54 N.brevicatena DSM 43024T_§AF430040)
S.chattanoogensis DSM 40002" (Ale21611) N.carnea DSM 43_3()7 (A5430035)
S.dydicus ATCC 25470" (Y15507) N.fluv;):;sef JCM 33327 (Z46754)
100% [—S.vunnanensis YIM 41004" (AF346818) YIM 3336
S.albulus TMC S-0802" (AB024440)
S.kasugaensis M338-M1 ! (AB024441)
SO*E S.platensis ICM 4662 (A8AB045882)
S.catenulae DSM 402587 (AJ621613)
59 S.yogyakartensis C4r3? (A)391827)
Sjavensis B22P3" (AJ391833)
S.cankringensis D1 3p3” {AJ391831)
S.violaceusniger NRRL B 1476 (AJ391822)
S.hygroscopicus NRRL 2387' (AT391820)
S.melanosporofaciens NRRL B 12234" (AJ391837)
S.griseocarneus DSM 40004 ( X99943)
S.indonesiensis A4R2T (A1391835)
S.sparsogenes NRRL 2940 (AJ391817)
S.ferralitis SF Op68T (AY2628206)
S.yeochonensis CN 7327 (AF101415)
YIMO01
S.sampsonii ATCC 25495" (D63871)
S.mashuensis DSM 40221" (X79323)

100%

YIM 33378
N.vinacea JOM 109887 (AB024312)
N.pseudovaccinii DSM434067 (AF430046)
N.caish is F8297 (AF459443)
N.ignorata DSM 44496" {AJ303008)
N fluminea DSM 44489 (AF430053)
N.salmonicida DSM40472" (AF430050)
N.cummidelens DSM 444907 (AF430052)
100 W.s0/i DSM 44488" (AF430051)
lobrasiliensis DSM 442907 (AF430042)

iscaviarum DSM 432427 {AF430067)

N.crassostreae NB4HT (Z37989)
N.rova JCM 60447 (AF430028)
N.vaceinii DSM 432857 (AF430045)
N.veterana DSM44445" (AF430055)
N.africana DSM444917 AF430054
igatensis IFM 0330" (AB092563)
inohanensis [FM 00927 (AB092560)
amanashiensis IFM 0265" (AB092561)

.uniformis DSM 43136" (AF430044)

riolae DSM441297 (AF430039)

|u'

N(mmnwaea salmonea IFO 14687 (U48982)

IFO 1409’7 (U48983)

-Nonomuraea angiospora ]FO 13155" (U48843) . 0.01 \
Nonomuraea helvata 1FO 146817 (U48‘)751) "

Nonomuraea polychroma [FO 14345 (U48977)
YIM 33309 D .
Nonomuraea rubra DSM 43768 (AF277200) 91 Mycobacterium cosmeticum LTA-388" (AY449728)
Mycobacterium cosmeticum 502329" (AY255478)

Nonomumea tervinara DSM 44505 (AF302078)
DSM 43926' (AF277201) Mycobacterium diernhoferi ATCC 19340 (AF480599)

Nonomuraea GW 14-1925" (AJ746362) 9 Mycobacterium frederiksbergense DSM 44346 (AJ276274)
aea longicatena NRRL 15532 ' (AB018787) L Mycobacterium neoaurum ATCC 257957 (AF480593)
g L epLosporangiun et DSM 43179" (X89935) Mycobacterium hodleri DSM 441837 (X93184)
YIM 37251 K - YIM 37225
100 ISP ium longisporum DSM 43180" (X89944) = Lo » i
100 um roseum DSM 430217 (X89947) Mycobacterium vaccae ATCC 154837 (AF480591)

Smpmspomngmm album DSM 4302%T (X89934)
Streptosporangium vulgare DSM 441 127 (X89957)
74 Streprosporangium purpuralum CY-151 IOT(AF191715)
sporangium YUMANENSE CY- 11007 (AF191733)

YIM 34793
Achromobacter piechaudii ATCC 435527 (AB010841)
Achromobacter xylosoxidans TAM 12684 (D88005)
Achromobacter denitrificans LMG 1231" (M22509)
Achromobacter ruhlandii ATCC 15749" (AB010840)
Bordetellu pertussis ATCC 97977 (U04950)
Kerstersia gyiorum LMG 59067 (AY 13121 3)
Pigmentiphaga kullae K24' (AF282916)

Alcali defragrans LMG 18538 (AJ005447)
-Alcaligenes faecalis TAM 12369 (D88008)
Pelistega ewropaca LMG 109827 ( Y11890)

100 — Qerskovia turbata DSM 20577 (X83806)
Oerskovia 0nremphtl¢1 DSM 43852'(X83807)
DSM 20109" (X83799)

100 —— Sanguil keddicii ST 747 (X79450)
|—Sanguilmmer inulinus ST 50'(X79451) uylorella equi lis NCTC 111847 (1 X68645 )
Rarobacter faecitabidus DSM 48137 (Y17870) Oligella urethralis LMG 10157 ( A1251911)
Cellulosimicrobium cellulans DSM 43879 (X83809) Brackiella oedipodis LMG 194517 (A)277742)
;romic pora citrea DSM 43110 (X83808) Ralstonia solanacearum ATCC 11696 (X67036)

X tulosilytica XILO7(AF403541)
Isoptericola variabile MX5" (AJ2‘>8871)
Beutenbergia cavernosa DSM 123337¢ Y18%78)
Salana DSM 13521 (AJ400627)
Bogoriella caseolytica HKI 0088" (Y09911)
Georgenia muralis 1A-C'(X94155)
YIM 34827

Paucimonas lemoignei ATCC 1 79897 (AB021375)

Oxalobacter formigenes ATCC 35274" (U49757)
Herbaspirillum seropedicae DSM 6445" (Y10146)
Collimonas fungivorans LMG 21973" (AJ210394)

critm aguricic DSM 96287 (Y08845)

Janthinobacterium lividum DSM 15227 (Y08846)
D ! loeoides TAM 12670" (X74914)
YIM 31775
Massilia timonae C1P 1053507 (Us4470)
Telluria mixta ACM 17627 (X65589)
Telluria chitinolytica ACM 35227 (X65590)

1 GenBank
16S rDNA

Fig.1 Phylogenetic tree showing the relationships among some type I & II polyketide synthesis gene positive strains and relative species
and other taxa downloaded from GenBank based on 16S rDNA sequences

Numbers on branch nodes are bootstrap values 1000 resamplings . A ~ E represents strains YIM 001 and YIM 31724 A YIM 33361

and YIM 33378 B YIM 33309 and YIM 37251 C  YIM 37225 D YIM 34827 E YIM 31775 and YIM 34793 F  respectively.
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Study on biodiversity of type | & || polyketide synthesis genes positive microorganisms

XU Ping'> LI Wen-jun'"  GAO Hui-ying XU Li-hua'  JIANG Cheng-lin'
! Key Laboratory for Microbial Resources of Ministry of Eductation ~Yunnan Institute of Microbiology and
Laboratory for Conservation and Utilization of Bio-resources  Yunnan University ~ Kunming 650091  China

2 New Drug Research & Development  North China Pharmaceutic Corp .  Shijiazhuang 050015  China

Abstract Some soil samples were collected from different places in Yunnan Provinces China. 876 bacteria or
actinomycete strains were isolated using Glucose-Peptone-Yeast extract agar Starch-Casein agar and Glycerol-Asparagine
agar with these soil samples of which about 100 strains belong to genus Streptomyces and the others belong to rare
actinomycetes or bacteria. With polyketide synthesis gene screening 75 strains were picked up as type I & II polyketide
synthesis gene positive strains. Then 10 strains were chosen for 16S rDNA amplification and systematic analysis based on
comparing results with their anti-bacteria activity morphology and physiological characteristics analysis. They were
classified to be at least 7 families and 8 genera such as genus Streptomyces of the family Streptomycetaceae two genera
Streptosporangium and  Nonomuraea of the family Streptosporangiaceae  genus Mycobacterium of the family
Mycobacteriaceae  genus Nocardia of the family Nocardiaceae genus Achromobacter of the family — another two strains
belong to the suborder Micrococcineae and the family Oxalobacteraceae’ respectively. Eight of them were classified into
six potential novel species and two new genera with polyphasic taxonomic methods. The results showed that designing new
strategies for isolation and identification of microorganisms from natural environments was the key step to exploit microbial
resources .

Key words Polyketide synthesis product Molecular Screening Actinomycetes  Biodiversity
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