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Abstract: [Background] Due to the wide spread of drug-resistant bacteria, new antibiotics are
urgently needed. Actinomycetes are major antibiotic-producing pharmaceutical resources.
Saline lakes are special water bodies with high concentrations of dissolved salts. Studies have
demonstrated that actinomycetes with high diversity, rich novel metabolites, and a wide range
of biological activities from saline lakes are potential resource for drug discovery. [Objective]
This study aims to reveal the composition of actinomycete species in the soil samples collected
from Chahan Nur and identify the strains with antibacterial activities, which will accumulate
strains for the discovery of novel antibacterial compounds. [Methods] The actinomycetes were
isolated by dilution coating method in 19 selective culture media. The diversity and novelty of
the isolates were analyzed by comparison of 16S rRNA genes. According to the taxa and
novelty, representative isolates were selected for detection of the genes involved in the
biosynthesis of type I, type II polyketide synthases (PKS) and non-ribosomal polypeptide
synthases (NRPS) by PCR. The fermented broths and mycelia of representative isolates were
extracted with ethyl acetate and acetone, respectively, and then antibacterial tests were carried
out with the disk diffusion method. [Results] A total of 250 actinomycete strains were isolated
from nine soil samples, belonging to 28 genera, 16 families of 9 orders, and Streptomyces
(88 isolates, 35.2%) and Nocardiopsis (68 isolates, 27.2%) were the dominant genera. Fifteen
Streptomyces isolates showed the highest 16S rRNA gene similarities below 98.65% to relative
strains, which implied they might belong to four novel Streptomyces species. Meanwhile, novel
species of Nocardiopsis and Nocardioides were discovered. Among the 75 tested strains,
66 strains were detected with at least one gene involved in antibiotic biosynthesis, and 20 strains
carried all the three functional genes. Seven actinomycete strains with strong antibacterial
activities were screened out, including five isolates of Streptomyces, one isolate of
Nocardiopsis, and one isolate of Promicromonospora. [Conclusion] Soil samples from Chahan
Nur have abundant culturable actinomycetes, and the active substances from some strains have
strong antibacterial activities. Therefore, the secondary metabolites of these strains are worthy
of further study.

Keywords: saline lake; actinomycete; diversity; antibacterial activity
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RA=HZ RAREREY, MEHEA+E
) RIR A AR R %, S SN A&
BT, REE ) AR ZE AU AE | A s 1)
Z R, RHUER . Sl
AT ) 590 A5 0 B R R R, B AT
REFRMA, REMLEERERLRE, P
AR A AR U2 3 6 LI 58 85 /0 slobi 2 1
R A SR MR TR R T R, DU &
PRASA IR . AR YIS 2 e B

R —MEmEh e, T ME TR R
T 5 DX, R ZRECE T A () Fh A
BEUR . T RRIR A ARG, 0 (V8 R 2 A HA
FRI A FAR I RSB RAAE , DRI FP RSB AL
TR T P 0 T ) R e i e . %
G 5 DVEE W JR B W b oy B B 0 BE R
XHUS011 HAT 504 8 0 4 BR i . b 70 BT i
2 MR ) RE J1 . Borrelidins C-D J& M
vk R I HYJ128 HHHR U 18 JERFRNERZE
PrA R, eI T TR BUAEE S, 3T
) JC K¢ BR B (Amycolatopsis aidingensis) YIM
96748" S 43 B H AT T I R BB A, A
R ER 2 DB CBRAENBRLEY
amycoletates A Fl amycoletates B, % F AW &
A= R TR BT I R TR AR Y, SR
A% 5L DA F b ST TR R T P T g A
P AR R BT

MALE AN AE 2 DN — L%
WO R FNEETT I, A SN B
Ji BRI X5 S T T 3K v b ER T X N S AR AR
I DX (T, SV D)™, PR 2H i % LSk
JIR I BRSSO R
L, FRE RSB AR R IR TE . B

FELAFC Rk, b s s b A N R
R G IR R A, o) H v 24 ik 2 o 0 U
FHRAFE IR N 3 OB . 2871, A BHK
WA, ZERWAOL T AR i L RE S b
N, KRR 40.75 km?, WITEITEEIR 1 274 m;
WX AR IER M T 5, AR 3.5 °CA
1, AERKEAE 100 mm, PHICRUELT, &
FRRRGHEAMEX, AR, AR
DAEHF i AR ) - SRR S VR A RE R 4, X Hrh
) AT 1 77 245 PR 24 TR 0 D8 Bl 4 W1 9 R R A
WEGT, FIEREIG R & UL B0 B 2 B0 I AE b
FER AT HU R TE PRI, DABE T R
A GEIR N 2Rk, ik B U0 R B i 1k
P25 AR R TR, R BLESHH R . A0
PET1Z 09 56 AL W0 A FE R st A B 25 O A
BEE BT IR A

AR

1.1 ##
L1l EZLFFLEE

2xEasyTaq SuperMix, pEASY-T1 Cloning
Kit ZE4 A 16S rRNA FE[F PCR 43 K T AR 5
R, AEt el A W ARA BRZ F 5 Chelex-100
W5, Bio-Rad A F]; M, Aladin 227];
ZEUEMN R, Alfa Aesar Awl. PCR ¥, Life
Technolgies 2yl 3 AEW)% 4 4H, Thermo /A Al ;
2R KR A, BT DA A IR A
1.1.2 EFE

M1 : peptone yeast extract glycerol agar
(PYG Zifig)Z HSCHR[12]fCH]; M2: mIK—%
1 ## 5(Gauze’s medium No. 1, GA), Jba{ B
RAEYHARARSUE LA ; M3: 1/10 EFR IR
ZHESCHR13]EC 0] s M4 B R RS 22 25 12 4
B IE (international Streptomyces project medium

2, ISP 2)Z HESCRR[OTRCHill ; M5 okt K47 4 K i
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Z 5% 7 3 (cellulose-casein-multisalts, CCMS)Z
FESCHR[ 141801 ; M6: kB ARG R ES
FESCHR[13]ME M ; M7: R2A £33k, Jbntifd
BAEVHARGRIAEA T, M8: ZHICH[15]
Beiil s M9: CMKA FiFR 52 BSCER[ 1610 1],
P SRR N 5% NaCl, 2% KC1 1 1%
MgCl,-6H,0; M10: GA Jill 5% NaCl; M11: &
Rl -AG 2R 1 F  S OSCER[91BC ) s M2
MR ISP 2 BRI 5% NaCl; M13: GW1 £
FRIESIESCER[17]0CH], hn 5% NaCl; M14: 2k
R U0 1% 2 55 97 3 S BESCHR[ 18] il , &2 A Eh ik
£} 10% NaCl, 2% KCI #1 1% MgCl,-6H,0;
M15: 1/10 Gibbson 5 5% 52 BESCHER 1910 1,
i 8% NaCl; M16 (g/L): B&E M 0.2, AWM
0.5, BERERy 1.0, #%#E 0.5, K;HPO4-3H,0 1.0,
MgSO47H,0 1.0, NaCl 50.0, Z& ik 1 mL,
BAYEEZR 1 mL;M17: MM 5595 52 BTk 17]
Boil, 5% NaCl; M18: GL3 55552 M S0k
[17]ECH], hn 10% NaCl; M19: AGG 5 ES
BESCHR[17]/E %, 0 5% NaCl; Mueller-Hinton
(M-H)¥5 553, Oxoid A H] .
1.1.3 8T HE

B2 RPHPETE . & B A5 A BRI ATCC

x1 ERYIBIIMFT

25923, T HH 4R P AR 4 B €0 1) %5 BR 1A (methicillin
resistant Staphylococcus aureus, MRSA) 18060304 ;
W Bk OATCC 29212, 1 245 3¢ W Bk &
19030640, 2 [REATER: KipRA T ATCC
25922, MG RIHIRAE 19031919; Filik s 1A
i ATCC 10031, i 24 it 4 ve B fH A 18060312
W LA BA L TR ATCC 27853, Tt 245 57 £ A1 B4 I 74
19031218; = A FFFE ATCC 19606, [if 24
ORI 18060517, 1t 2 B Ak thml kb
2 B B 2 — BR B i A R AL TS 25 TR PR 1Y
RS ENFE+A+HSHNTF S,

1.14 3|4
SCE TS R B 1.
12 A&

1.2.1 #BBYREMLIE

BT T8 WA A SR ML 2R B 15 1y
TR, 20 40 6. 8. 11 SRR, 3.
7.9, 10, 12, 14, 15 REAHLERPR, 1.
5 SR IR TR ), 13 SR
Bl 2T 4, HEALE R LR 20 AR E T 50 mL
B, BIEREE, B AT R B
SRINT . TCTABF RO S AL S R TR, 2 AT
HELERH. K25 4506 55K ST,

Table I Primers sequence for genes amplification

FE K 2 B 5194 PR LY 2]

Name of genes Primer name Primer sequence (5'—3")

TR SR 5 A1) 56 il 5 ] ) KIF TSAAGTCSAACATCGGBCA
Ketosynthase genes (KS) of type I polyketide synthases M6R CGCAGGTTSCSGTACCAGTA
(PKS D)2

T8 SR ) T 355 o S e [ 21 540F GGITGCACSTCIGGIMTSGAC
Ketosynthase genes (KS,,) of type II polyketide synthases 1100R CCGATSGCICCSAGIGAGTG
(PKS 1)

FEAZ W (A0 kB BB IR T TRk 45 F S (A 45 3 8 [ 12 A3F GCSTACSYSATSTACACSTCSGG
Adenylation domain of non-ribosomal polypeptide A7TR SASGTCVCCSGTSCGGTAS
synthases (NRPS)[QO]

16S rRNA J [ 27F AGAGTTTGATCCTGGCTCAG
16S rRNA genes'”! 1492R GGTTACCTTGTTACGACTT

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

Table 2 Samples information collected from Chahan Nur

FES RIS LA

Sample No. Characteristics of samples Latitude and longitude

1 ¥+ Sandy soil N 41°28.422', E 113°57.417'
2 %+ )2 Saline-alkali soil layer N 41°28.450', E 113°57.394'
3 EhE HPR Rhizosphere of Suaeda salsa N 41°28.445', E 113°57.372'
4 g+ )2 Saline-alkali soil layer N 41°28.409', E 113°57.357'
5 VPt Yellow sandy soil N 41°28.403', E 113°57.385'
6 % 1 )2 Saline-alkali soil layer N 41°28.351", E 113°56.618’
7 EhE M BR Rhizosphere of Suaeda salsa N 41°28.413', E 113°56.621'
8 w8 1 )2 Saline-alkali soil layer N 41°28.467', E 113°56.626'
9 EhE M BR Rhizosphere of Suaeda salsa N 41°28.470", E 113°56.431’
10 EE M PR Rhizosphere of Suaeda salsa N 41°28.543", E 113°56.667'
11 w1 )2 Saline-alkali soil layer N 41°28.544', E 113°56.677'
12 B MR Rhizosphere of Suaeda salsa N 41°28.548', E 113°57.694'
13 81 )Z T Under saline-alkali soil layer N 41°28.709', E 113°55.360'
14 B MR Rhizosphere of Suaeda salsa N 41°28.726', E 113°55.484'
15 B MR Rhizosphere of Suaeda salsa N 41°28.733", E 113°56.484'

35H T SR A IR S2, 8 SR S3, 95
FESL K S4, 10 5 H1 12 BRES SR S5, 11 &
FEAL A S6, 13 SR ST, 14 S HE 5l S8,
15 SHES N S9, S1-S9 Ttk # 4 B .
1.2.2 WEREHDE

FREC2 g #ESL AR 18 mL i AP,
180 r/min ¥EIRIRT 1 h 5, # +5E R HE1 7B
FERRE, 43 107 g/mL F1 107 g/mL Rk
Bk 0.2 mL IRAL FEBIE IR AL, 28 °ClREES
F%, B3 d WEBRREENKEEL, 28
M 3t 1 5 22 /D cE 3 AN o R PEAS IR
TR MR T B A0, e R
B A B B 3R 5L (MI1-M8) Mz & £k 43 B 1% 7 it
(M9-M19)#A T I £ TR Y 43 5 o
123 WEEBIEL

RIS HEE , PRI B TR 5E
e i b e N T UES A7 e N o a1
Tl s M P 12 $5i  EL R B S i 1k S G
PAFBF RIS G ', RIREE ASTTH, S5l
ChNu-. BHUBEZ R 25 3= P A0 I A%

1.2.4 ME&E S LG E

AR BRSO AR TR R AT R OCHE L, i
IBUBE Dk 2 TR Y A 15 R ) AT 0y TR E o R
Chelex-100 42 DNA, PCR 45 16S
rRNA JEH B 51WIGR 1) IR R 551105
MESCHR[O] o 0 But i Ml o6 i Pl PRGN, X 2497
1 500 bp 4k H A IRE S TN Y . Prfs
LR 2 W FHFEZE AR 55 %% EzTaxon (http://www.
ezbiocloud.net/eztaxon)FE 4 T AL U X, #f € B
PRI 2S5, S B R R R Bl . 1
MAGA 6.0 X} iUZE TR 7 B MR A 2T 16S rRNA
HHAPRGEREW .
1.2.5 TheeEE AN

R4k T 2 R, O e R Ak A T
oA R AW B ARG, f 45 TR SR 15 il
(type 1 polyketide synthases, PKS 1)F1 PKS I
KS 3585 K K JE A% 05 {4 BK A BB (non-ribosomal
polypeptide synthases, NRPS)[ A Z5 43 FE A,
PCR 51K 1), JCiAA F B S 454 2 BRSC
HK[9].
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1.2.6 BEHRBIAERREESENE

HR 40 v s 2 B AU A, PR R AR it
ATREI A TE « IR GARIE ™ Py () i ORI e 77 3 1k
DS o PR PRI AR KRR, BEPRR R ISP 2
B K ISP 2+5% NaCl A/ N i & BERE 55 5%
BRI B AE 3 A KRR O 5 AT
BBV, BV R BRSNS, R LW 2
MR < T 2 BUG 1 W BV i R i TR AR 1) TR
RIRRAEYIRE S . R K-B 3L 20010 215 bt
FEPERTIN , BRAESE A Y e g m =
AT o BRRR BRI R I A R it T I M A I
i IR L S AR i

2 HERE4M

2.1 BT EFEFMEEMNS HFIT
AR B R AL ARAS T 457 ARG FRY)

MARTERCT 277 MREEEL ST T 16S rRNA
JEY 3, PRI T 261 NFS, & Xt
RIMILA 250 MR . X EEH T o A T
9 H 16 R 28 & (K 1o 28 M@t flh:
B 14 B 5E RS R (Streptomyces), hvd R IRIE
PG R IR )8 (Nocardiopsis), /NAFLEEE
B PE 0 B 8 (Verrucosispora) F1 /)N ¥ # T J&
(Micromonospora), HuWg R 17 B} ) 4l 3%+ 17 )&
(Modestobacter), i 1~ [ TR B 04 B 10 # R
(Saccharomonospora) 1 i J& K R &
(Amycolatopsis), 1R IRFFHY R RFEE
(Nocardioides) , % & K & FF 19 X & KA &
(Gordonia) , i1 ¢ R FF I 2% [ H & (Dietzia)
W R E R R KR8 (Nocardia) , Ji/NFLA
W& Bl 1 I & (Isoptericola) Fl g /N B4R
J& (Promicromonospora), B3 B ERH 1 1L FF
J& (Sanguibacter), F4EH NIRRT L 2216
J& (Actinotalea) FI £ 4k B M 1R J& (Cellulomonas),
AT B MR AT T & (Clavibacter) . SEERH &

(Agrococcus) . AT & (Microbacterium) . $iU1ik
I T & (Labedella) FW3 ¥ 1 J& (Frigoribacterium)
S5 AT TR B A9 %5 KT 1 8 (Brevibacterium) , THERTE
BT T HE %) [C T B (Nesterenkonia) . 7% 5 G A
J& (Kocuria) . 1B X QTR J& (Zhihenglivella) . 14
KT & (Micrococcus) M5 ¥ 14 J& (Arthrobacter)
DA FF R BB AP A K 1R & (Patulibacter)

W E MR REE LA EE,
B4 ES AT 88 KRN 68 Bk, B RK BN
35.2%F1 27.2%, 19 R oy &8558, M1 (PYG
B IR F M5 (CCMSS B 57 55) 70 8 345 1Y T ik
BmBZ, W H 3BT R T 1Y R Fh 2k
Z(& 2A), SAAEH 13 ANE QT BRI 12 4
JEB (30 HR)BA L A ; Hk oy M11 (2R Hl-45
IR KL IR F) A M12 (B KR ISP 2+5% NaCl);
MEAF B 2R 1 97 5L . CMKA. GW1 FId R
TE R I R B SR AL A B UR B 25 . 9 r AR,
S1. S4 il S6 TN P B HREZ, bl
PATT 134839 #R). 10 Mg @7 ¥ 11 4
J& (41 BRI T ; 10 S7 1S9 w4y B 3 1Y 1
FRAHRT (B 2B). 250 BRATZ T 2y s B &
LRI L EA 119 ¥k, HPHEERKE
50 Bk, BETET 35 Bk, HUCHWARTE)E . %
e, A AR X FG T s 45 (A 3),

22 AMEFMEEFHHE

AHFFRARIFH) 88 tREE & W, 15 PRI
Z WAk 16S rRNA 3 [ 14 55 = AR LB K T
98.65% (M4 16S rRNA ik PR AF i 3] 72 41 1 87
PIFP I ALE) 2, 25 TSR 8 T 5 R TR R Y
4 TP 3), WNEERE R ChNu-2, ChNu-44 .,
ChNu-64. ChNu-73. ChNu-156 #{l ChNu-198
B e T 2k TR AR Y A Streptomyces bikiniensis
NRRL B-1049", #Eillix 6 k4% 5 i [ 8 +— 4
A A BT AN . 4 BRI RICE ChNu-121,
ChNu-122, ChNu-134 il ChNu-249 53T Z 14 #
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55

0.02
—
4{” Streptomyces spp. (0Q066992-0Q067079)

99
Nocardiopsis spp. (0Q065458—0Q065525)

99 Verrucosispora spp. (OQ067098-0Q067100)
Micromonospora sp. ChNu-157 (0Q064754)
Micromonospora sp. ChNu-171 (0Q064755)

99

—————— Modestobacter sp. ChNu-143 (0Q064777) ;]

99 | Saccharomonospora sp. ChNu-220 (0Q065562)

77 Saccharomonospora sp. ChNu-270 (0Q065563)
Amyeolatopsis sp. ChNu-239 (0Q048293) |
99 Nocardioides sp. ChNu-99 (0Q065739) ]
' Nocardioides sp. ChNu-153 (MT241306) =

99, Gordonia sp. ChNu-149 (0Q064459)
57

Gordonia sp. ChNu-150 (0Q064460)
Dietzia sp. ChNu-67 (0Q064430)

Nocardia spp. (0Q065138—-00Q065144)

7‘ Isoptericola spp. (0Q064463-0Q064479)

Promicromonospora sp. ChNu-170 (0Q065526)
99 Sanguibacter sp. ChNu-55 (0Q065730)
Sanguibacter sp. ChNu-56 (0Q065731)
Actinotalea sp. ChNu-181 (0Q048292)
Cellulomonas sp. ChNu-25 (0Q064289)
Cellulomonas sp. ChNu-6 (0Q064290)
Clavibacter sp. ChNu-57 (0Q064427)
Agrococcus spp. (0Q031068—0Q031070)
Microbacterium sp. ChNu-40 (0Q064498)
Microbacterium sp. ChNu-49 (0Q064499)

61

99

94

997 Labedella sp. ChNu-162 (0Q064496)

Labedella sp. ChNu-229 (0Q064497)
Frigoribacterium spp. (0Q064456—0Q064458)
Brevibacterium sp. ChNu-96 (0Q048306)
99 Nesterenkonia sp. ChNu-126 (0Q064784)

70 Nesterenkonia sp. ChNu-251 (0Q064785)

g3 Kocuria spp. (0Q064480-0Q064492)

Zhihenglivella spp. (0QU67103-0Q067111)
Micrococcus sp. ChNu-246 (0Q064509)

Arthrobacter spp. (0Q048295-0Q048305) _
| Patulibacter sp. ChNu-59 (0Q065456)

1 250 MkMIZHEET 16S rRNA EEFHMENRK L BN

99 Putulibacter sp. ChNu-191 (0Q065457)

HEREH H

Streptomycetales

HEfaFER H

Streptosporangiales

RN H

Micromonosporales

Mg B2 1 E

Geodermatophilales

iR KE A

Pseudonocardiales
AEATE A
Propionibacteriales

SPEATE H

Mycobacteriales

PEREH

Micrococcales

FIELANTH

Solirubrobacterales

433 ERIEUE R 1000 IR bootstrap

TR E IR, AUBR R T S0%RIME; e REREMZHFRRALA /Y 0.02 Z54E; 55 HHTFI=
N BB 16S rRNA FENHY GenBank #5855 = MAUFRIZHEL SO i 224> Wb 04 5201 52 46 1 il

Figure 1

Phylogenetic tree of 250 actinomycetes based on 16S rRNA gene sequence. Numbers at branch

nodes refer to bootstrap values (%) of 1 000 replications, only values >50% are shown; The scale bar represent
0.02 substitutions per nucleotide position; The sequence numbers in brackets means the GenBank accession
numbers of the isolates; The triangle represents a compressed clade from many single clade of the isolates.
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Number of isolates

S9

S8

S7

S6

S5

Samples number

S4

S3

S2

S1

M1 M2 M3 M4 M5

M6 M7 M8 M9 MI0 MI1 M12 M13 M14 M15 M16 M17 M18 M19
Type of medium

B Nocardiopsis
W Verrucosispora
B Arthrobacter
u Zhihenglivella
W Nocardioides
B Modestobacter
W Nesterenkonia

15 20

25 30 35 40 45 50

Number of isolates

B Streptomyces
B Nocardia

B Sanguibacter
u [soptericola
 Cellulomonas
B Dietzia

B Actinotalea

B Labedella

B Clavibacter

B Microbacterium
B Brevibacterium

¥ Micromonospora
B Kocuria

B Agrococcus

u Frigoribacterium

® Patulibacter B Promicromonospora
B Gordonia ® Micrococcus
“ Saccharomonospora B Amycolatopsis

B2 FREFEQOMEFERB)DBASHELENHERERS

Figure 2 The quantity and genera distribution of actinomycete isolates from different media (A) and samples (B).

Nocardiopsis sinuspersici HM6" [i] 16S rRNA
FE AU e Rl 98.6%, W25 H b L[]
TR R AR D o bk & B —A

iR IR E BTl
2.3 MEZRSHRIIEERERWLNER

i3 PCR 4/ WUk 75 b4M B EIEAT PKS 1,

PKS Il NRPS Lhe LR, 455 s, 2=/
66 PRI B 3 FRTREIL Py 1 Rl 38 fk
G PKS DSR40 #RAS H PKS THEH, 46 pRka
H NRPS R, Hoo 20 FREGH 3 ol REREIA ;
30 PREERETA Y, 19 PRAGIN Y PKS DEEA, 19 #k
it PKS IEIH, 19 #RAS H NRPS L[, 9 #k
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Figure 3 The genera distribution of 119 actinomycetes isolated from culture media with salts.

x3 BTEOBREMNHMIAERK

Table 3 The novel strains isolated from Chahan Nur

Bk > IR 16S rRNA FE R A B TR A

Strains No. Relative type strains 16S rRNA gene similarities (%) Potential novel species
ChNu-2, ChNu-44, Streptomyces bikiniensis NRRL B-1049T  98.3-98 4 Streptomyces sp. nov.
ChNu-64, ChNu-73,

ChNu-156, ChNu-198

ChNu-132, ChNu-175  Streptomyces gibsonii NRRL B-1335" 98.3 Streptomyces sp. nov.
ChNu-189, ChNu-218, Streptomyces rimosus subsp. rimosus 98.4-98.5 Streptomyces sp. nov.
ChNu-241, ChNu-244, ATCC 10970"

ChNu-248, ChNu-262

ChNu-145 Streptomyces sodiiphilus YIM 803057 98.2 Streptomyces sp. nov.
ChNu-121, ChNu-122, Nocardiopsis sinuspersici HM6" 98.6 Nocardiopsis sp. nov.
ChNu-134, ChNu-249

ChNu-99, ChNu-153  Nocardioides zeae IM 1068" 98.5 Nocardioides sp. nov.

Kt 3 FhIhEEIEN; 18 FRILERIRE Y, 12 £k
R PKS DR, 11 #fA H PKS TI5EA, 14 %
it NRPS HE[H, 8 #hAaih 3 Fhohgesi,
G5 R IR 4,
2.4 EIEMEMN SR

L T 30 BREEEG A . 23 BRI R IR
15 BRIABHG A TR EFEAT T PR TE A
GBI R AR ER . SRR

PEURARY) . RIS ERR P2 3 258E S B TR G
P FIWT BRI T . S5 R ER, 18 PREEE T
(ChNu-24, ChNu-31, ChNu-37., ChNu-43 .
ChNu-63. ChNu-65, ChNu-77, ChNu-116,
ChNu-124, ChNu-130, ChNu-132, ChNu-140,
ChNu-145, ChNu-175, ChNu-189, ChNu-218,
ChNu-223 Fl ChNu-224). 6 HE#IERIKH
(ChNu-28., ChNu-121, ChNu-141, ChNu-147.
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%4 PKSI. PKS IIF1 NRPS £ & % R 1445 R
Table 4 Positive results of screening on PKS I, PKS II and NRPS genes

ik  PKST PKSII NRPS | itk PKSI PKSI NRPS | sZiitk PKST PKSII NRPS
Test strain Test strain Test strain

BT Streptomyces sp. it K IR TE Nocardiopsis sp. HAWAG A L H Other rare actinomycetes
ChNu-13 + + + ChNu-19 - + ChNu-7 - + -
ChNu-14  + + - ChNu-28 + ChNu-22 + +
ChNu-17  + ChNu-46 + + + ChNu-40 - +
ChNu-24 + + + ChNu-88 + — + ChNu-67 - — +
ChNu-31 + + + ChNu-90 + + + ChNu-96 + -
ChNu-37 - + + ChNu-92 - + ChNu-119 + + -
ChNu-42 + + + ChNu-103 + - ChNu-148 — + -
ChNu-43 - - + ChNu-105 + + + ChNu-150 + - +
ChNu-63 + + ChNu-113 - + + ChNu-153 - + -
ChNu-64 + - ChNu-121 + + + ChNu-157 + + +
ChNu-65 - + ChNu-125 + + + ChNu-158 - + +
ChNu-66 + + + ChNu-141 + - - ChNu-170 - - +
ChNu-74 - + - ChNu-142 - - ChNu-171 - +
ChNu-77 - - + ChNu-147 + + ChNu-190 + + +
ChNu-87 + + - ChNu-164 - - + ChNu-192 - - +
ChNu-111 + + + ChNu-188 + + ChNu-209 — - +
ChNu-116 - - + ChNu-207 + + + ChNu-212 - - +
ChNu-124 + — - ChNu-225 + - - ChNu-220 + + +
ChNu-130 - - +

ChNu-132 - +

ChNu-135 + — +

ChNu-140 + + +

ChNu-145 - - +

ChNu-156 + + -

ChNu-178 - +

ChNu-185 + +

ChNu-189 + - -

ChNu-218 + - -

ChNu-223 + + +

ChNu-224 + - -

+ R B RS - R H A
+: The destination strip is detected; —: Not detected.

ChNu-225 fil ChNu-266) . 1 #EF A (ChNu-96) . IGPERERROH 5 2% G PHMEFR Am s A Bl 16 1, X
1 #R JE /N B f 7 (ChNu-170) 1 1 #& 57 FF 522 [ BAPEFR R AL TS P S B IS T o T
(ChNu-212)R B BTG PE . IEPERAR U R YRR DAL e 7 PRETBISE PEAR . PURis)
PN 2 QM G B A IR NS BR B3R 5) o HoH, TPk ChNu-189 1 ChNu-218
FAESRIPURIG T, MEEEREKR, B2 SIEZE Streptomyces rimosus subsp. rimosus
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ATCC 10970" ) 16S rRNA K:NARRUE /e, H fide i 7 2 A E . Huig™) . Sy
LN 98.5%, HEMIH MEEE R BIREHM. X REEEPS 2SR E R, R R
7 BRI O] S BP0 T Y T . AR P e e 8 2 IR0 Rl R A W 2 Y

43 R I PR T ] 4 kU
. . W T RENE 5 B 115 B R 1 T B M
3 WhE5&E% - .

T, 25 G A DR A AT SR T R B 2
AR, MR E TR MRS R AT T 8 MOCERIG IR 11 bRy ik
AR R IR, M EE NIRRT SRR TR 0, ZPR R PYG

x5 BTFEERBHEEMBEENFZMRA 7T HRREFEEER

Table 5 Seven antibacterial strains from Chahan Nur for chemical study

Item ChNu-28 ChNu-170 ChNu-65 ChNu-116 ChNu-130  ChNu-189  ChNu-218

Taxa Nocardiopsis Promicromonospora Streptomyces Streptomyces Streptomyces Streptomyces Streptomyces

PSK 1 - - - - - + +

PSK II + - + - - - -

NRPS + + + + + - -

Sa  ATCC 25923 AC B ABC ABC BC C AC
18060304 AC - ABC BC BC C AC

Ef ATCC29212 C B BC B BC C -
19030640 - - - - - - -

Ec  ATCC25922 AC B BC B C C AC
19031919 - - - - - - -

Pa ATCC?27853 C - C B - C -
19031218 - - - - - - -

Kp ATCC 10031 AC B - B - C A
18060312 AC B - B - C -

Ab  ATCC 19606 C B BC B - - -

18060517 C C C

o M A REESRPTREIG TR B: LM OBRREREEYIURGTERITE s C. BRI P HTm s 1 fHYE ;s Sa:
A@‘#ﬂ%fﬁﬁl, Ef: WG Ec: RIRFAE; Pa: MEBUAMIE ;s Kp: MRCHAR; Ab: IS AHITE

—: Negative; A: The antibacterial activity positive of fermentation liquid; B: The antibacterial activity positive of ethyl acetate

extract concentrate; C: The antibacterial activity positive of acetone extract; Sa: Staphyloccocus aureus; Ef: Enterococcus

faecalis; Ec: Escherichia coli; Pa: Pseudomonas aeruginosa; Kp: Klebsiella pneumonia; Ab: Acinetobacter baumannii.

.S’phylaccocus MRSA MRSA - Enterococcus Klebsiella Escherichra Psedomonas
aureus 18060304 18060304 Jfaecalis pheumonia coli aeruginosa
ATCC 25923 19030640 18060312 ATCC 25922 19031218

4 FMAWMEEEK K-BEZMEEMEER

Figure 4 The antibacterial activities of partial actinomycetal strains in disk diffusion tests.
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CCMS FEFR 53 AR AT, Hak , e R ISP 2 (6
I 5% NaCl). % 5% NaCl ek B Hl-45%
2. 7% 8% NaCl )[4 — Gibbson, 1732 —
EFRHUE . R2A FIE 5% NaCl () AGG 55t
S EAREI TR Z A E AR S H , s
P B iR At S S P
FRFLFN NN T 4% 35 8 5 4 5 ) 85 32 310
HAATEERIE, PYG B IR M 4> B AU BT,
Jf H—SU M RO ISP 2 MDA 4l 555 35 00 T bk e &
BEAN . BRI A H S 4 531 PYG B
FHh K BRI, CMKA #il GW1 b3R5
TR B 4y B RE IR LN, (HAE ARG 4
RO RAE, 7T BB 3 P R RS 7% 3k ok FH A £ vk
JE LA IS T X R SE R o teAh, 2k
R UE B 1% 2% 455 57 B AE AR iF 5 op C o) %) R vk
B, rBERCRAME. MR AR SR A
AW 58 36 30F AN 38 FH T A - AR 2 TR 1Y)
IrE

AAIF5E IEIT TR 8 B K e 2, 1) 9 A~
FEGh Ay B ARAR T SR8 F 28 Mm@ 1 250 MRk
B, FEAT UL ISR AR I - SR R IR
THHE N FEBEME FRER, X—8
ARG ZR U I e 7R R ) A S o Bk g )
LR B IR A 5 I 25 R — B AR SRR S i F
WS . F e R E . AT E . R E X
IR 8 AR IR TE 8 5 W8 1 2R i . %t
Ll U L 1 R4 R 8 Ay B 1) AT 5% o il 2 TR 1Y)
IR A R (E S)RB, 3 AR & A 11 A
[ JE o BRBE R il AL R IR A1, B AR )
2R Rt | 2 A AN R O I AN |
(365 BRI SR BR A 30 BR/NFAAUE AN 25 B
o BB U I AR I8 43 B B A 22 (4 1 A TR
PR HEE R R (251 MR B WP & 21 F
TIFFER A 15 BRI ITHEE R Q)5 A 78 A E
RS TR 2 M R (17 R AT 5 R

Jiuliancheng Nur  Xilin Gol Plateau saline lakes

Chahan Nur

5 NEHUER. BiTIEMBINEREE R
L EFIRE B LA LR

Figure 5 Comparison of genera of actinomyces
from Jiuliancheng Nur, Chahan Nur and Xilin Gol
Plateau saline lakes.

(13 #R)o XFHCRARAGFRNE, Bk i R i)
R T 3 B R BB B N2 sy, A5 N
JUTE IR ZR ARAT B850 i MR AR X 400, R fiE S
Sy P8 A R R A A B L Ty A R A T AR o L R
FEPE B . 2 UM S A IR SR AT R 3 3
PHRKFR

] T8 ke 2 TR 5 A AT 5 o G T 9B
XERMGRE FRENX I IRER L, %X
I 2 JER W AT B IR I R LA Rl 2 O
P L R 22T (AR i X R
AR GBZH MR T, 61X 2 ATa0 b Py i 6 180 0 PN
5¢ i B PR R Ay B R TR o e BTk 2 A R s
(Actinopolyspora), i H.53 B3R A5 (0 5 S 10 16 R
(Streptomonospora) . ¥R G . WM E)E
(Saccharopolyspora) W 5 1 J& (Glycomyces) A
PRECH B/, 3 id B b B 5 n] 8 )k W ik 2k
T BT A P 2E A — E S
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ARG R 7 ARPUETEHEESR . BUA
TS RER A, FEN S PREEF R . 1 BRI
RGN 1 BRI/ ERAT, XA T 555
TR A& R EE ) o BLis R ISR £ 6
AR RRE, EAkC /2 MeAEw
FHR A B ARAR S (H G T TN B T TR AR
PR AR > . Hor, BEEE T ChNu-189 Fl
ChNu-218 A{XKf MRSA . KIZR7 3 . M4 e
WA EA Y, W EFF L, AEEm
BERE R RT, R DR XTI 2 AR AR AT
FHAIEE AT I AT X T URRA 25 FHE 1
R, JE A Rl SR A BT . S
T 190 28 F AR PV BT B R R G AR 0 1 7 A
71, VASEATHE— 25 IR A ™= A 22 5%

AFRIRTE T 5B AT B F7 AR T B2 IR Y
ZREVERET AU, AR T A6 A P Bk 5 A ik
LR, PRSI A B FHERAM T
fift R W A BT R B R VE AL, RIS T
Jb B ER I PR T BRI . S Ah, ADESEE
BT RTE PR P AE R AW A SRR B, i
TET Z R0 A 25 R TR R, 3K Ry ke L4
PR AT e R A R R TR
FgE s, XoF A D 24 T 24 B ik 1) 1] LA TR
B
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