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AR, RFEYAERKER, —SkE R ] IR G
L7 WA BN =1 ST R A AW a7 L I N
R — PR ARSI AR S R AR, AR
e ] G0 R AR B 9 — R AR RIS ) A
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B 100 pL 45w ny HIA W, & T Ry M1 [
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) B ARAE) $JIBULTRH T, REAZAY)
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AG-3) fl11492R (5-TACGGCTACCTTGTTACGA
CTT-3') #t47 PCRY" 14, PCR [ A & Jy 30
uL: 12 pL ddH,0, F Fi#s1414 0.5 uL, 15 pL
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ffi F DNAMAN #1447 B AMIF , 3@ 376 NCBI
B3k EEAT BLAST, KAl P45 R 7E GenBank %4k
FE AT AR R R, T 25 AR U s 1 P8
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F| 100%; 30~36 min, 100% 1) 2. i 25 B e it ;
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FHFAT; R SPD-M20A — A Rs Mg (5
A () ABRAF) ST 2P AR

2 HEREHHT

21 ERAFRERRHEENS B
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F/NEFF 5], Btk Ceaf-6 HUBAERR A, 4K
HEF R, Wtk Ceaf-9. Ceaf-19 fil Ceaf-23 11y
FARIEAIXT RN, HERE Ceaf-23 Jo s IR 3L 4

/N TRV
AR

e a~ K55 N Ceaf-1. Ceaf-4. Ceaf-6, Ceaf-9. Ceaf-
12, Ceaf-15, Ceaf-16, Ceaf-19, Ceaf-20. Ceaf-21, Ceaf-22 fi
Ceaf-23,

Notes: a~ 1 are Ceaf-1, Ceaf-4, Ceaf-6, Ceaf-9, Ceaf-12, Ceaf-
15, Ceaf-16, Ceaf-19, Ceaf-20, Ceaf-21, Ceaf-22 and Ceaf-23,
respectively.

E1 EEARERETESBINREE
Actinomycetes isolated from the rhizosphere
soil of Casuarina equisetifolia

22 ERARERMHMEZENEERRZELER
iAfE

FEF AR AR EARPR LT 16S rRNA JEH 7
I ARG L BW (K 2) R . Hkk Ceaf-9.
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KA, HARBMEAEA 89, Histfer st A+
[, #E—2E38ad 7 51 X & A 2 R — B ik
W, VL ERERARLEER M., Wik Ceaf-15 5 S.
hawaiiensis (&35 4 MZ389914.1 ) RAE[R—Z
b, HARMEN 98, mAMLIE RN 99.65%,
I, Hkk Ceaf-15 &A% E N S. hawaiiensis (&
K5 MK764957 ), 4% IR [FERERY 3 24K, 256
BT AR RGER BN, B REARPR
Tl TR Y B A SR E A R WL SR 1. BLAST 451 ik
N T TR S SR AR AR RUPE R TE 97%
Phbo A3 BRI 12 PR RR B AR PR 2 iR 120
e 8 ( Streptomyces sp. ) U, UiPABERE
T TR R A A AR SRR B AR B - S b ) O3 B B
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Fig. 1
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U AR R AR . R TR B I A 4 3K
I BE AR KT 10 mm, FH 850 I B
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A B Y B B AR KT 10 mm, {H R B
Ceaf-4 4l 1# B 19 R~ 0.30~ 0.57, i & ¥k
Ceaf-12 M A HENY Ry fHH 0.45~0.58, 15H 1 bk
Ceaf-4 XI55 Hif B YD HITE PR 0 s R/, 1k
YRR, 2B E R B R E A
0.30~0.50, Uil RA MMM E Y Z e S
RRKWIEEY . & LTk, H#E S. spinosus
Ceaf-4 il S. chattanoogensis Ceaf-12 %} A JFE #
i TR 2 R HH B A RS e
2.4 IREEMELRXERBE=WD T

12 BRIGECAR BR B BRIk i O TR SRR I A
AR HPLC-UV (35 &1 WL 3, MIEI 3 W FH
e 12 BRI B S — o B R A AR
Y, (AREAEA YRR B (s ) 22013K.
YU G PELS R (£ 2) KB, Htk S. spinosus
Ceaf-4 il S. chattanoogensis Ceaf-12 %} A JFE #
Hili 9 T 2% B 40 o A o R L, HA 3 R
2 MR W AR W B A W B R X5, S
spinosus Ceaf-4 H1 &R A A = P AE X & &
ZRIAKR, REEE (R) 4 7E 10~15 min,
SRR & T Wy By (VR R =t 7/ ]
S. chattanoogensis Ceaf-12 /£ R, = 20 min /£ 4
A1 Ry W, SRR SR S R R
AN Bk Ceaf-1. Ceaf-6 Fl Ceaf-20 th & 45 F &
PIRAACH Y, BPEEE— . 56 F B
WA =Y N, HEER S. spinosus
Ceaf-4 1 S. chattanoogensis Ceaf-12 RJ{ Ak
[El 7 s 2 = = M Sl Y 970

3 b
IR B I i 7 A g e DX A 285
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96 ®OP714398.1 Ceaf-20

{ ® OP714400.1 Ceaf-22
4 ® MK764951.1 Ceaf-9
———® OP714399.1 Ceaf-21
® OP714401.1 Ceaf-23
L— ® OP714397.1 Ceaf-19
6 — OM362926.1 Streptomyces luteogriseus
OP679872.1 Streptomyces luteogriseus
GQ985454.1 Streptomyces luteogriseus
NR 041128.1 Streptomyces luteogriseus

89

63 |55

64— MG547740.1 Streptomyces luteogriseus
ONG623507.1 .1 Streptomyces luteogriseus
_[. MK764957.1 Ceaf-15
98-MZ389914.1 Streptomyces hawaiiensis
MZ433282.1.1 Streptomyces hawaiiensis
100 L mz433281.1 Streptomyces hawaiiensis
EL—. MK764946.1 Ceaf-4
MZ901362.1 Streptomyces spinosu
98 NR 041409.1 Streptomyces glomeratus
W{ AJ781754.1 Streptomyces glomeratus
NR 112445.1 Streptomyces murinus
100 | NR 041072.1 Streptomyces murinus
NR 041414.1 Streptomyces murinus
® MK764948.1 Ceaf-6
S ﬂ{ NR 044146.1 Streptomyces flavovariabilis
NR 112589.1 Streptomyces flavovariabilis
98 FJ792576.1 Streptomyces canus
FJ792561.1 Streptomyces canus
FJ792579.1 Streptomyces canus
100 FJ486370.1 Streptomyces seoulensis
® MK764943.1 Ceaf-1
NR 041432.1 Streptomyces seoulensis
100 - KM370022.1 Streptomyces seoulensis
100; NR 112500.1 Streptomyces luteoverticillatus
AB184791.1 Streptomyces luteoverticillatus
EUS593751.1 Streptomyces luteoverticillatus
100— ® MK764958.1 Ceaf-16
MZ317444.1 Streptomyces angustmyceticus
MZ956760.1 Streptomyces lunalinharesii
MZ956759.1 Streptomyces lunalinharesii
MZ957000.1 Streptomyces lunalinharesii
100 ‘® MK764954.1 Ceaf-12
KM573812.1 Streptomyces chattanoogensis
FJ171335.1 .Streptomyces chattanoogensis
100'NR 112260.1 Streptomyces chattanoogensis
[— MT453891.1 Actinomyces timonensis
100 L-MT233297.1 Actinomyces timonensis

98

99 100

78

74

0.02
TE: S ERYEIE D 1 000 WK R(E S HT TR
Note: The value at the bifurcation point is obtained by 1 000 times of self-xpanding analysis

B 2 ET 16S rRNA EFEFFZ AR RREIRRME R RSt LR
Fig. 2 Phylogenetic tree of rhizospheric actinomycetesin Casuarina equisetifolia based on
gene sequences of 16S rRNA

MAA SRR, TR RAE N AR RR A, oK, BEE AR EAEOR ARG, R RPR
FEERNHAME A AR, RS2 BEE R MBSO AT S B . AR AR PR
R AR AR BN IRPRRAE VRS DR REERUE R S R 2 R MR, AR A e
THRSENA, YR T RE HEAEAA A K, R E AR . BE AR,
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Table 1 Identification results of rhizospheric actinomycetes isolated from Casuarina equisetifolia
Wk x5 EEGR AL R AL
Strains Accession number Identification results Closest related species Similarity/%
Ceaf-1 MK764943 S. seoulensis FJ486370.1 S. seoulensis 99.93
Ceaf-4 MK764946 S. spinosus MZ901362.1 S. spinosus 99.44
Ceaf-6 MK764948 S. murinus NR041414.1 S. murinus 99.72
Ceaf-9 MK764951 Streptomyces sp. MG547740.1 S. luteogriseus 99.37
Ceaf-12 MK764954 S. chattanoogensis KM573812.1 S. chattanoogensis 99.93
Ceaf-15 MK764957 S. hawaiiensis MZ389914.1 S. hawaiiensis 99.65
Ceaf-16 MK764958 S. angustmyceticus MZ317444.1 S. angustmyceticus 99.86
Ceaf-19 OP714397 Streptomyces sp. ON623507.1 S. luteogriseus 99.16
Ceaf-20 OP714398 Streptomyces sp. GQ985454.1 S. luteogriseus 99.36
Ceaf-21 OP714399 Streptomyces sp. OP679872.1 S. luteogriseus 98.66
Ceaf-22 OP714400 Streptomyces sp. OM362926.1 S. luteogriseus 99.44
Ceaf-23 OP714401 Streptomyces sp. NR041128.1 S. luteogriseus 97.90

2 EERRERREERIN A BN 20 E R 6 E %
Table 2 Antibacterial activity of the crude extract from the rhizospheric actinomycetes of C. equisetifolia
against different tested bacteria

RdE (IR BEELAR)
Ryvalue (Inhibition spot diameter)

PEBRURE S
Tested samples AT 478 S FOT K VAL R
R.solanacearum B. subtilis E. coli S.haemolyticus
Ceaf-1 — 0.48~0.52" 0.52~0.53" 0.22~0.27%; 0.32~0.37"
Ceaf-4 0.30~0.57"" 0.40~0.52" 0.37~0.53""" 0.00~0.53"*
Ceaf-6 0.18~0.38"; 0.48~0.50"" — 0.53~0.55" —
Ceaf-9 — — = —
Ceaf-12 0.45~0.58"" 0.15~0.23% 0.28~0.37"" 0.32~0.43" 0.25~0.37"
Ceaf-15 0.47~0.50" 0.32~0.37" — —
Ceaf-16 — 0.32~0.35° — —
Ceaf-19 0.33~0.45" — — —
Ceaf-20 0.45~0.55" 0.42~0.52" 0.47~0.50" 0.33~0.53"*"
Ceaf-21 0.45~0.58"" 0.40~0.45" 0.48~0.53"" 0.33~0.52""
Ceaf-22 0.38~0.52" 0.23~0.43" 0.28~0.42" —
Ceaf-23 — — — _
MR & +++ +++ +++ +++

T RRTLHE SN YRR PR K B AARd <5 mm, “++ "EKIRE mm<d<<10 mm, “+++"F7xd =10 mm; B IR AR B B 2 (X AE
JEAL R

Notes: —: Inhibition spot was not observed;+: Maximum inhibition spot diameter (d) <5 mm; ++:5 mm< d <10 mm;+++:d =10
mm;Thepositive control streptomycin sulfate was only sampled on TLC plate.

AN D, R R, W, AR
AR ZR 3 A -1 TR NS AR s - ST W R Vs AT R
Vettt, SUERMPRHCERE R AR AT, M52
EERR PR . AR AT R R RO
JRBTHRL R - S b SR A BT 12 BRI, SO BE

AR, 6 A B T O R A JE AR AC R TR
br TSR LS BibR . X5 Abhijit %P A4 R
— & RERBUZEYAH R Z BIHPIRIE . 1K
B AR PR AR A B B 25 A5 A A
FAYREAL . ARECAE J F A AR R T T X
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B 3 EfARRERRNLERIIMN HPLC &ikE
Fig. 3 HPLC chromatograms for crude extracts of rhizospheric actinomycetes isolated from C. equisetifolia
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Antibacterial Activities of Rhizospheric Actinomycetes
Associated with Casuarina equisetifolia

SHAN Ti-jiang*, XIE Yin-yan®, YE Da-hang, YANG Yu-ting, LI Wan-lin, MAO Zi-ling

(College of Forestry and Landscape Architecture, South China Agricultural University,
Guangzhou 510642, Guangdong, China)

Abstract: [Objective] This study aimed to isolate and identify actinomycetes in rhizospheric soil of Casuar-
ina equisetifolia, determine the antibacterial activity of the rhizospheric actinomycetes, and screen out the
actinomycetes isolates with antimicrobial activities. [Methods] The actinomycetes in the rhizospheric soil
of C. equisetifolia were isolated by heat strike dilution method. The actinomycetes isolates were further
identified by combining morphological observation with molecular biology method. The antibacterial activit-
ies of secondary metabolites produced by the rhizospheric actinomycetes against different bacteria were
determined using TLC-bioautography assay. The secondary metabolites in the ethyl acetate layer of rhizo-
spheric actinomycetes were analyzed by HPLC (high performance liquid chromatography). [Results] A
total of twelve actinomycetes strains were isolated and identified from the rhizospheric soil of C. equisetifo-
lia, all of which were the genus of Streptomyces sp., and the maximum similarities were all above 97%. S.
spinosus Ceaf-4 and S. chattanoogensis Ceaf-12 had stronger antibacterial activity against Ralstonia so-
lanacearum, and the diameters of antibacterial spots were more than 10 mm. The antibacterial spot dia-
meters of strain S. spinosus Ceaf-4 against Escherichia coli and Staphylococcus haemolyticus were also
greater than 10 mm. In addition, S. spinosus Ceaf-4 and S. chattanoogensis Ceaf-12 both contained
abundant secondary metabolites, but there were significant difference in the types and relative contents of
secondary metabolites. [Conclusion] There are actinomycetes with Streptomyces sp. as the dominant
population in the rhizospheric soil of C. equisetifolia. S. spinosus Ceaf-4 and S. chattanoogensis Ceaf-12
show the stronger inhibitory activity against R. solanacearum and contain abundant secondary metabol-
ites. They can be used as candidate active strains to further explore their antibacterial active components.
Keywords: Casuarina equisetifolia; rhizospheric actinomycetes; Ralstonia solanacearum; secondary
metabolites; antibacterial activities
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