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Biodiversity and antimicrobial activities of culturable
actinomycetes isolated from the soil of Dabancheng Salt Lake,
Xinjiang, China

QIN Peigang', FENG Huaxi', WEI Yuanyuan', BI Xinyi’, Diliziba Adili', MA Wenjing *

1 Basic Medical College of Xinjiang Medical University, Urumgqi 830017, Xinjiang, China
2 College of Pharmacy of Xinjiang Medical University, Urumqi 830017, Xinjiang, China
3 Central Laboratory of Xinjiang Medical University, Urumqi 830017, Xinjiang, China

Abstract: [Background] In recent years, new strains of actinomycetes have been discovered in
the saline-alkali environments such as Ebinur Lake, Qijiaojing Salt Lake, and Lop Nur in
Xinjiang of China. However, there are few reports about the actinomycetes strains isolated from
the soil of Dabancheng Salt Lake. [Objective] We studied the diversity of culturable
actinomycetes in the soil of Dabancheng Salt Lake in Xinjiang and screened out the strains with
activities of functional enzymes, aiming to mine new medicinal microbial resources and lay a
foundation for the discovery of new antibiotics. [Methods] The diversity of culturable
actinomycetes in the soil of Dabancheng Salt Lake was investigated by the culture-dependent
method and the phylogenetic analysis based on 16S rRNA gene sequences. PCR was employed
to explore the distribution of the genes encoding types I and II polyketide synthase (pksl and
pskil), non-ribosomal peptide synthase (nrps), and aminoglycoside phosphotransferase (aph) for
antibiotic synthesis. The agar diffusion method was employed to screen the strains with
antimicrobial activities and the strains capable of producing functional enzymes (with
nine substrates as indicators). [Results] A total of 65 actinomycetes strains belonging to nine
genera, five families of five orders were isolated from fourteen soil samples of Dabancheng Salt
Lake. Streptomyces and Nocardiopsis were the dominant genera and two strains were potential
new species. Abundant genes involved in antibiotic synthesis were identified. A strain
(D21EO0S5) with antagonistic effects on Gram-positive, Gram-negative, and fungi was screened
out. The soil of Dabancheng Salt Lake harbored rich strains producing protease, lipase, catalase,
cellulase, and amylase. [Conclusion] The soil of Dabancheng Salt Lake harbors rich medicinal
actinomycetes resources, from which new actinomycetes species and new antibiotics can be
discovered.

Keywords: Dabancheng Salt Lake; actinomycetes; diversity; antimicrobial activity

T e A = A P 2 I E R R, T
ZAFAETHA A B PR, A3 T
TIEVL KSR N o R R RERS 7 LR 2 Rl
PR A Wy, JnHE PR 2RSS | Atk R 2K |
WNERZE . KIS, RIS B EIT I

ORISR, RR IR A Y25
) —REBEW . IR L 50%LL_E b E R H#
KI5 T4k 75 14 & (Sreptomyces)™ AT A iR
TSR R AE VAT R . LB . &
FER IR FBT A A Y. IR - BT
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YA TR I T A T A (BE 2 TR R Ah ), 21
TR, THER. BENT. AEER. KK
2 AR R R F WA R T A 22U
Az HFEP . BT eI Z AN, A
Y UE IR A R TR A R AE A iR YT A
M 25 17 4 (pseudomembranous colitis, PMC)HY
e PR H P

AR, DA 38 AR B b o3 2 B i TR T U
DL R AR 7 4 1 B O Ao ik vy, T DTV
T e A R R v A M DX SRR R A B P e I Y
JRCER BRI 2SS N ™ R B BB T A 2
AEPEYEYI BT, BRI AL P AT TR
S RE TR FA T o R AR DY, Ak
R ELAG B0 20 TR RN LR AV T DA™ il (2T 4
R, O, EME. LT REESHEET, O
WE BB E AL 7 T B A A 4R 4t s 37 DL
AR Ry WO AEAE A AE P e aa DA K
AL S AR et e il s A= AR RE 117
FriEE T oA X (D)™, BN IR £ i3k
RN ER b . UTAER, TEHT SR A Ik B
IR E RS SR L, LR, B
AR F AT SR L R R

VR A 0 DX R R BT AR 2 AR
PRI, T S5 BT SR R A W A 0 g e T
IR AR A S IR HGE B, 7 2 —

1A

1.1 M
1.1.1 #&

2021 4E F B s o8 R Wk W
(88°3'53"—88°12'15"E,  43°21'00"—43°25'25"N)
(F DJELFREE LT 15 cm AT RAEE, gk
15 14 f T EREAS, e TOREBEAS 47 [ S0 =
i 4 CCUKFATRAER . 155 M RE N,
AP HAAEY) ; 2 5 EhibrP R 3-6 5
i, ARG 75 iR,
HBZPH5,; 8 5 Hilimm, ML, #k
AHORAK; 9.0 10 5. HEA6aH)Z, HET
I 3-5 cm HRAEHE; 11 5. A0RESE
MR R RE A s 12-14 5. i1l /R

Kk (Escherichia coli) CMCC(B) 44102 .
48 {0,745 %4 BK 7 (Saphyl ococcus  aureus) ATCC
29213, [ {8,& 7k 1% (Candida albicans) ATCC 10231,
2 7 A% ER T (Saphyl ococcus epidermidis) CMCC(B)

B 1 AUREAEER A

wE. B: i

Dabancheng Salt Lake sampling site. A: Long shot. B: Close shot.

Figure 1
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26069 Fil £ Jif ¥ T (Pseudomonas aeruginosa)
CMCC 10104, H7r 8 PR} R B Al B2 27 e I 2
s R E R

1.1.2 FERT YR

Chelex 100 #fi§ , Bio-Rad /A vl ; #3514 |
R RN RS 2 5 e B aon], AR AR TR
(RO PR A s BilEHEEERE DNA [Ei
Mg, KRR AL ARA R, EYL s
i, FEER A RBH P EDA R A A 5 fHIR IR
ERFRA, 1L @ In R AR A PR A w5 B
B, WIRE WAL S0 % AL I A A BR A v 5 PCR
PIGACFIEE I R, Bio-Rad 22 7]

1.1.3 EHFE

OYESERIRIE. 22168 W3R | B EMR G IR
o R R
H:(Gorodkowa culture medium, GA)®, 7 & &R}
WA YHARERAF; THER-H IRk
(casein-mannitol medium, CMKA)™ | MM 5% 55 5
T &% 5 - 1R K i T 4 1 55 3% 2k (mannitol-acid
hydrolyzed casein medium, GW1)®™; 43 B 55 3= KL (i
FABEAR 510 0% (i 60 mg/L EASHRE! . 50 mg/L
TR T . 20 mg/L ZERERHAR) . 5%. 10%. 20%
SRR B 1Y 524 R (NaCL:K C1:MgCl,:CaCl, i
10:1:1: D, pH 7.2-7.4,

FEPUE MR R IR 3L . LB KE IR 30 T4 wh b5
Iy TR A MRS 7 B (potato  dextrose agar
medium, PDA)H FEHFEH 3%

aifb Rk R IR IR IE(GA).

e TG P 7 B B R . TE A IO L IR A 2
ZSCHR[8IFC I, A T e 155 7R B RN 4T 4k R g
i B 4% 77 FE 222 SCHR [ 141 BC il , P Il 07 s 1% R 3
22 CHR[1STBCH , JL T BT i e 1% 9 e 2% 5
FR (16750 T , 45 T JIe 23 ik T A0 40 A il 7 22 35 7 ik
S SCHR[LTIBC ], i A A A B T e 1 SR i 5 %
SCHR[ 18]l

(humic acid culture medium, HVA)®,

1.2 EHWSEDSL

FRECS g BFEIMAEA 50 mL KE KR =
A, FERCVE/NBEERR, 120 r/min 2R R
¥ 1 h JE#-E 10 min, WHCEERCK 1072 H1 107
i B, T H 0.2 mL Y54 F 6 Fi & A 0%,
5%. 10%. 20%ME & Eh 4k BEE, 30 °C
Bi9% 20-30 d S BRECA IR o] DL VR A ) S A s
R A RIER Y GA Y5358 | 30 °CHE¥E,
i 2-3 K, HEIPATLEE. I0REVETEARHIE
J LA 40% H it GA K 3R 5LORA77E 80 °CokAfi T .
1.3 HWEEMS FEMFERE

KH 16S rRNA & K F 4000 5 bty vk if
IR E o PRELB R 4R 1) 5 4y B b 77 2
AR ER BE Y GA B55R 5L | 30 °CH5 5% 4-7 d, I
BULRE 22 A 0.2 mL 10% Chelex 100 ik
M, ¥k 10 min, HE ETFHE#E 2-3 %, %=
& 10 000 r/min B.0> 10 min J5 W% F3% F-20 °C
URFEARAF20 S B/ IMR I v 38 1 5 | 9
G5 5 AT 16S IRNA SLPRP- 8460, 51
YR TAY TR R A RAR G, H
() F Bl B IS REE I DNA DR & [l
TFUKAAFE VIR AR R A 7 58 BN o

JFE i M R G R BRI E: K 16S
rRNA 3 A 5 51 7 EzBioCloud (https:/www.
ezbiocloud.net) 54 22 o 58 W R P HU XS, 3RAS
[R5 PR e e RS B, JRRAIC 2 X 4,
FH ClustalX 2.1 #4727 51 LLX e , R MEGA
11.0 H 4B 4% (neighbor-joining) M H R AKX TH
B, 1543 > B A58 boostrap 1 000 ¥, X435
PRI AE TR 2R 58 K B AL AT 38T
14 IERINEERERIT 18 &N

XA BURETE MR TR R YT A: R A A i
PRI, e AR AE R R
KEEIE) 4G 1 RIS 5 T (polyketidesynthase
I, PKS T)#I 11 2 il 5 i (polyketidesynthase 11,
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PKS IT) KS B K P 41 . AR A 2 ik pl il

(nonribosomal peptide synthetase, NRPS) A %514
B W o8 MO R OB T OBE R B R I

(aminoglycoside phosphotransferases, APH)®'#2!

JF#51 . PCR WK Z (25 pl): 2xTaq Master Mix
12.5 uL, 1E. JZIE5[#(10 pmol/L)4% 1 uL, DNA
FEHR(10 ng/uLl) 1 pL, JERE 2B F/KEMNE 25 pl.
P38 4 RS 9153500 (1) pksl %&
H514%7. kif (5'-TSAAGTCSAACATCGGBCA-3")
1 mér (5'-CGCAGGTTSCSGTACCAGTA-3');
(2) pksll F:H 519 : ksa (5'-TSGRCTACRTCAA
CGGSCACGG-3")F1 ksp (5-TACSAGTCSWTC
GCCTGGTTC-3"); (3) nrps KN 51 #) . a3f
(5'-GCSTACSYSATSTACACSTCSGG-3") #1 a7r
(5-SASGTCVCCSGTSCGGTAS-3); (4) aph %:[H
519y strf (5'-CGGCTGCTCGACCACGAC-3")Fl
strr (5'-GTCCTCGATGTCCCACAG-3"), 41
4 FhBEEDR Y SO 251 275 SCHR(8, 18] 4714 4
FH0.9%B e BHEERC AT, 4 FhIhREEL A
Bt K/IN: pksl: 1200—1 400 bp; pksll: 600 bp
2455 nrps: 700-800 bp; aph: 700-800 bp!*?,
1.5 FEmEHRRTHIE

S R R S ik e R 2 R BN
Btk K I #F & (Escherichia coli) CMCC(B)
44102, 4> {575 % BR 7 (Saphyl ococcus aureus)
ATCC 29213, [ & ¥k (Candida albicans)
ATCC 10231, =% ¢ 4 %] Bk [# (Saphylococcus
epidermidis) CMCC(B) 26069 #i &¢ i #T
(Pseudomonas aeruginosa) CMCC 10104 54E K
YL, IR ROk SR T H IS M I
BRUEQOR . BESPURARIG L . T GA B
FREP AR B R S WU AR, AR REER
KRR 10° CFU/mL, WHL 200 pL 25250344
F 9 cm (¥ LB ¥4 7 & 30 min /245 ; i1 6 mm
FTL AR B SR A W T R A AR R R DF, KT

BT HURYE, WA R 22 AR — MR 0 A A 4
PLEMEAR [, W EPERRER 3, 37 °CHi ¢
16 h J5 MEHEbr4h
1.6 o2k B RO B & 14 07 1 46 0

PLBEAS 445 . mkii-20, nHiR-80 . 5%id 4
LA 2% NN-H S 2R — i — R R Eh VAT
R SR AN . AT ETER . JLT BRI i
J0 S SRR SR B R R4, R SR ey i
W= E O, TG, d4ERM. whE. JL
IO T R R O 2R i A T R T A TR R, WL
SR & JE AT JC s W P B, A o8 W P A B
P, TR BT, g G A S ARG U 2 3 2o
T 5% fAAEBIEE FEWERE AT
U B, B EYE, 22 AT AL
R M3 5 A0 2% NON- " H R i — g
MR BN E b, 30 s OIS & B 5281k,
WAL BN, 2 AR

2 EREGHN

2.1 ARHERE o BIE A E R SN
M\ 14 03 £ T IEREAS h 2 B 3 115 AR Zk
PP AR, I A IR SR BT IEAS . R/
P SFE S ERE S TS, FEE R
76 PREAPE, XX LETRRAY 16S rRNA JE[H 741
J¥, 7E EzBioCloud (https://www.ezbiocloud.net)
HO I P 2 SR L X AT 25 SRR, Hih 65 B
HTHELF R, 5340 T A 5 A~H 54894~
&, Wk Eai Rk 1. H, SEER
(Streptomycetaceae)fit % [# J& (Streptomyces)
31 8k, HrESEHREGED 47.7%, BT
AR W) 1 AR R R R IR R
(Nocardiopsaceae)#li# 1~ [ I J& (Nocardiopsis)
21 Bk, BRI 32.3%, JEakHmER 11
R R . TR B3I 65 PRIk,
20 BRA 0% RS GERIEIRIE ForBsig s, TN
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Table 1 Genera distribution of 65 actinobacterial strains
H Bt J& R
Order Family Genus Number of strains
£ H Sreptomycetales W # Rl Sreptomycetaceae 5575 # B Sreptomyces 31
BEfU B H Sreptosporangiales  #li%R R R 1% FC 8 Nocardiopsis 21
Nocardiopsaceae
B5 P40 T )R Sreptomonospora 1
i IR H fi i+ IR A1 55 [QT# & Prauserella 1

Pseudonocardiales Pseudonocardiaceae

LK H Jiangellales
S H

Cellulomonadales

LR Jiangellaceae
/N AT R

Promicromonospor aceae

&£ il 22 )& Hal oechinothrix 4
ATCA: T 2 14 J& Amycol atopsis 3
Hal oactinopolyspora 1

2

JEL/IN BT T )
Promicromonospora
A5 5 F1UE |soptericola 1

B % W )R (Sreptomyces) 1 1 iE £ K H &
(Nocardiopsis)Fitk; 26 thM 5%E &L 5%
L s R, 38N R AR (Sreptomyces)
FLL% - G J& (Nocardiopsis) & bk ; 16 Fk M
10%% G# 5 B eifa 3], 400 10 Bk
W [C i J& (Nocardiopsis) . 3 RRFEEh Il 22 14 &
(Haloechinothrix), 2 FkHE%: 1 )& (Sreptomyces)
F1 1 #k Haloactinopolyspora; 3 #kM 20%% &3k
FrFR sk By egae s, 497 IR JE (Prauserella) | g
£ il 22 1 J&@ (Haloechinothrix) F1 £ Ff 1 4 &
(Streptomonospora) - 1 Ak o Bl 5 1 65 Rl Zk
B T Ak S Rl R 16S rRNA JE R 41 HEAT £
HRBE M, HIE neighbour-joining RFEKE
L UL 2,

AN A R A [R] 53 2 1 5 Ak b3 15 3 1 il
28 T R R R DL 30 AR S RO N 3A
N, 14 R B SRR R, 107, 11, 14 5
B mEtk 2, XIUhHEmT 1 5%
BRI, A E AR 7.
11, 14 5 F 2 ER WA = =5 S T Eh A AR B 1

5, R s i AR Ay B 25 AN 8l 3B FR .
H GA iR 5L 2216E $5 37 k70 B 10 T PR A
LIRSEEN
22 IMEVEMIFIRLGER

I R B e 7 o 0 A Rk R AT 4 B ik
B, GHEEH]) 7 MRS EAREBUE T, $EBUPH
TEHH 10.8%, H TR DI11COT X4 8 474
IR HURAY | T 25 R0 K R R R A ER A A B
FIFEPLRCR s Hikk D21E0S XA 8 /RE#H
A BEMIRIIROR R 2).
2.3 IheeEETFRE R

X} 65 MR R TR GRS D REBG ) pksl B |
pksll % | nrps Fl aph f93E K JE4F7T PCR §73 . 44
BN, 65 MRIEMETA 19 #RH pksl JE A (FH
PEA 29.2%); 30 BREKLH pksil 5P (FH M %
46.2%); 45 A nrps BLR(BHEZR 69.2%) LU
2 31 MK aph & (FHPE# 47.7%); 17 BR[F
mFEAE 3 FryiAE RS R (B
26.2%), A FBUE R W ) AR 25 R
= 3 FiR.
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2 ETRREARIIEFRAE 16S rRNA EEFIEMNIAERZLER 7338 ERYEUEY 1000 K
bootstrap 3T T AHE, BN KT 50%MMH, AR 0.1 HFLIEE; 55 W75 A GenBank %5
Figure 2 Circular phylogenetic tree based on 16S rRNA gene sequence of cultivable bacteria from
Dabancheng Salt Lake. Bootstrap values based on 1 000 replications are shown at branch nodes, only
bootstrap values>50% are displayed, evolutionary distance divergence scale bar is 0.1; GenBank accession
number are set in parentheses.

24 SHEEFHZEEEMHERNESR JIE S5 R R 05 2 RS 40 , X 65 R 43 15 1 Lk TR

DIBERE 2% . mhifh-20. mhili-80. 5%t SEATERGYEGR L. S5 REY], EOE 17 Hk .
LR . 2%N,N- B8 e 3R PR RV U 77 NG 38 KR IR-20, 15 Bk ; nhIR-80, 23 ¥k).
R RN . FIIEPERES . LT Buf s ol AL A EE 27 tk . 7 EALEg S bR . A4k
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Oll 11 11 11 11 11 11 11 11 1111 11 11 11 1 U
1 23 456 7 8 91011121314 K\t o @ & N
K
Sample number A § WV >

-
&

3 FARILTEHRAMTEEFREG)TIBWHMEERE HVA: BHREE; GA: mKEH
B CMKA: TEEE-HEBEERFIL; 2216E: 2216E Higflk; MM: MM Eigfik; GWI1: HEmE-K
FRRIS AR IR0 0%, 5% 10%F1 20%F /R BEFR B 73 AN 0% . 5% . 10%F1 20% 1) Eh #1743 25

Figure 3 Number of actinobacteria strains isolated from different soil samples (A) and different media (B).
HVA: Humic acid culture medium; GA: Gorodkowa culture medium; CMKA: Casein-mannitol medium;

2216E: 2216E culture medium; MM: MM culture medium; GW1: Mannitol-acid hydrolyzed casein medium;
0%, 5%, 10% and 20% indicated that 0%, 5%, 10% and 20% salt were added to the medium for separation.

®2 EMHEMERORESR

Table 2 Antimicrobial activity of seven actinobacterial strains

EETD Strain Strain Strain Strain Strain Strain Strain
Indicator bacteria D111C01 DI111E02 DI112H03 D21EO05 D214C03 D211G02 D23E01
4 T (048 2 BR TE +++ - - ++ + - ++
Staphylococcus aureus

B 0 2 TR T U R 1+ - - 1+ + - ++
Staphylococcus aureus S

4 B (0, 2 BRTAT R 245 Y A - - A + - ++
Staphylococcus aureus RS

R WA ER A -t + - - + - +++
Staphylococcus epidermidis

M6 PkE Candida albicans - - - et - ++ ++
KI%GFF 1 Escherichia coli - - ++ +++ - - +

LR MeAT T Pseudomonas aeruginosa — - +++ - - ++

+: FEPLESMH, MBI ER 7-10 mm; ++: B —ENEBIEE S, MEEER 10-18 mm; +++: FEPIRE SR, MR
HAKTF 18 mm; —: JLiE
+: Weak antagonism, with an inhibition zone diameter of 7-10 mm; ++: Certain antagonism, with an inhibition zone diameter

of 10-18 mm; +++: Strong antagonism, with an inhibition zone diameter greater than 18 mm; —: No antagonism.
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Table 3 Detection of functional genes of strains

Fe  ZiRERk pksl pksll  nrps  aph Fe  ZiREk pksl pksll  nrps  aph
No. Test strain No. Test strain

1 D111G03 - + - + 34 D21G03 + + + -
2 D114H02 + + + + 35 D22E08 - - + +
3 D114M03 + + + + 36 D23E01 + - + -
4 D17HO1 - - + - 37 D26G05 - + - —
5 D14G02 - + - + 38 D29H07 - + + -
6 D16G02 + + + - 39 D29HO08 - - - +
7 D16G10 - - - - 40 D31G17 - - - -
8 D14M04 + - + - 41 D31W15 + - + +
9 D111C01 - - + + 42 D47G08 - - + +
10 D112C02 - + — — 43 D47G02 - + + —
11 D112C03 - + - - 44 D44W03 - - + +
12 D17C01 - - - + 45 D114GO01 - - + —
13 DI111E02 + - + - 46 D12GO05 - - + +
14 DI111EO3 - + - - 47 D214C03 + - - +
15 DI114E03 - + - - 48 D17H04 + - + +
16 D312C01 - - + + 49 D25G12 - - + +
17 D31E02 - - - + 50 D25G10 - - - -
18 D34E04 - - + + 51 D25G02 - - - +
19 D34E08 - + + + 52 D214C02 - + - —
20 D38E01 - + + - 53 D213E08 + - - +
21 D32G01 - + + + 54 D214E01 — + + —
22 D33G01 - + + + 55 D27E02 + + + -
23 D36G04 - - + + 56 D28E03 + + + —
24 D37G10 - - - - 57 D28G01 + - + +
25 D32G10 - - + - 58 D27G07 - + + +
26 D314H02 - + + + 59 D211H04 - + + -
27 D31WO05 + - + + 60 D214H04 + + - -
28 D313W01 - + + + 61 D212M03 - - + —
29 D33W13 - + + - 62 D211G02 + - + +
30 DI111HO1 + — + - 63 D213G01 — + + —
31 D112H03 - - + - 64 D214W03 - - + +
32 D21E05 - + + - 65 D22Gl11 - + + —
33 D21G01 + - - -

+ KW B - RGN H i
+: The specific band was detected; —: No specific band was detected.
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R0 18 BRUL S VE MG 21 Bk, B BR
PR A e R LA B AL T B . PH AR
SR 26.2% . 23.1% . 35.4% . 41.5% . 7.7%.
27.7%H1 32.3%. Z/A7 R RARAT 41 Flr,
HoAy 24 #RBAEC T B ThRE, b D111CO1
D111E03 #1 D17HO1 B #kfE)™ 6 # i, D111HO1
M D22G11 Be7™ 5 Tl ; 76 25 4k 2 g 0 e 1o 72
o, bk D314H02. D33W13 fb 24 Z s v
B, TR 7 B P B AR AL R F 2 em,
a4 FrR .
25 BEHMESR

MANFERY 16S rRNA KL 751 Gt AR R
INTF 98% I A KSRV FT IRl . ABIFSE IR
PRIER A TR B R 2 RV HT R Lk 1 A Bk

B3 iqu %

E 4 BB AL AERIE R R E

D21G01 #1 D25G12, 7E https://www.ezbiocloud.net
W3t FEFT 16S rRNA JERFA st R B, B
Fk D21G01 5 Sreptomyces rubrisoli FXJ1.725"
S purpurascens NBRC 13077 il S asenjonii
KNN 35.16" fyAHBIMES 318 97.63% . 97.63%
97.61%, RGETWIMERIE 5) BRI
B Hk5 S rubrisoli FXJ1.7257 BAE—iE , HEWH
Pk D21GO1 Sy 55 %5 W s W 7E BT AP . 1 Bk D25G02
5 Nocardiopsis aegyptia DSM 444427 |
N. algeriensis B32" #i1 N. quinghaiensis YIM
28A4" HIIME R 97.91%., 97.71%FH1 97.65%; %
ik B (R 6) 3 Hr s R /R B #R5 S rubrisoli
DSM 444427 £ —ifL, HEWTTAE D25G02 Ll
12 NANEE DR = R T

34E04° D38EQI,

A: . B: J§HTHIR-20). C: JEHE(HHIE-80). D: & LA

Figure 4 Renderings of enzyme activity in some actinomycete. A: Protease. B: Lipase (Tween-20). C:
Lipase (Tween-80). D: Catalase and oxidase. E: Cellulase. F: Amylase.
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74 Streptomyces gancidicus NBRC 15412" (AB184660)

91| Streptomyces pseudogriseolus NRRL B-3288" (MUNG01000290)
98 Streptomyces capillispiralis NBRC 14222 (AB184577)

85
Streptomyces asenjonii KNN 35.1b" (LT621750)

80 || Streptomyces violaceus NRRL B-2867" (KL569104)

99’7 Streptomyces purpurascens NBRC 130777 (AB184859)

— Streptomyces misionensis DSM 40306" (FNTD01000004)

— D21G01 (PP002444)

[y - Streptomyces rubrisoli FXJ1.725" (KC137300)

Risungbinella pyongyangensis MC210" (KJ729272)

—_

0.020

5 BE#D21GO1 &F 16S rRNA EEFFMENRGEAERN 028 RHEUE M 1000 X bootstrap
TR, B R KT 50%MIME, AR 0.020 HH#HLIEE ; 55 NF 5N GenBank %35

Figure 5 Phylogenetic tree of strain D21G01 based on 16S rRNA gene sequence. Bootstrap values based on
1 000 replications are shown at branch nodes, only bootstrap values >50% are displayed, scale 0.020 represents
evolutionary distance divergence; GenBank accession number are set in parentheses.

D25G02 (PP002449)
Nocardiopsis aegyptia DSM 444427 (AJ539401)

Nocardiopsis dassonvillei subsp. dassonvillei DSM 43111" (ABUI01000017)

99
Nocardiopsis alborubida NBRC 13392" (BCRR01000172)

— Nocardiopsis algeriensis B 32" (KJ470139)

42| Nocardiopsis quinghaiensis YIM 28A4" (EF597511)

98| Nocardiopsis sinuspersici HM6" (EU410476)

83
Nocardiopsis arvandica HMT' (EU410477)

Risungbinella pyongyangensis MC210" (KJ729272)

0.020

6 EHED25G02E T 16S rRNAEREFFIMEMNARZLERN /028 EAYEIE R 1 000 IX bootstrap
ARG, B R KT 35%M1E, PR 0.020 FELIE R 355 NF 5 GenBank %55

Figure 6 Phylogenetic tree of strain D25G02 based on 16S rRNA gene sequence. Bootstrap values based on
1 000 replications are shown at branch nodes, only bootstrap values >35% are displayed, scale 0.020 represents
evolutionary distance divergence; GenBank accession number are set in parentheses.
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