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Mo MG RER HHERAE S S HTT7 dJs H]
TIHEE 7B
1.1.2  $nPRIEILR . 23N G (Dothiorella
ribis) . %] e S (Botryosphaeria dothidea). T
A ER —fl ¥ (Lasiodiplodia theobromae,
Lasiodiplodia rubropurpurea, Lasiodiplodia
crassispora). 1 HZE (Curvularia lunata). W
e (Ceratocystis adipose). 415 7t % 1
(Cytospora chrysosperma) . #h B A IH i H
(Colletotrichum gloeosporioides) . TERCE
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MRS (W TEEM 7.5 g/L, A
10.0 g/L, HEMMRS.0 g/L, BEEHREUY) 5.0 g/L,
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0.5g/L, CaCO;2 g/L, pH 7.2), (44 %Ik
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R1. FREFESBURSEIT

Table 1. Isolation efficiency by different culture media

Medium Number of isolates
TWYE 26

M10 32

M8 88

M9 23

ISPS 61

HV 32

SS 15

Total 277

2. BEEREBSFIT
Table 2. Statistics of the color groups of Streptomyces
isolates

No. of No. from

Group endophytes rhizospheric soil Total
Albosporus 28 44 72
Flavus 4 10 14
Roseosporus 1 12 13
Lavendulae 0 1 1
Glaucus 1 1 2
Cinereus 27 17 44
Cyaneus 0 1 1
Griseorubroviolaceus 3 2 5
Griseofuscus 42 12 56
Aureus 3 1 4
Total 109 101 210

fllZiHE(Albosporus), KHEIEHE(Griseofuscus), R
JKZERE(Cinereus), #0258 (Flavus), Mral it
(Roseosporus), KL J5HE(Griseorubroviolaceus),
G025 (Aureus), H @2 (Glaucus), REKHK
#(Lavendulae) A J ¥ (4251 (Cyaneus) ., PERER
W AT A R8N, o RIS . I AZERE IR
WERE R FEERE Wbs B RE R T A 43 101
K, ZRERN RS RE S, AR
JRIEREIE FEEZERE
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I B PR L S R R e L AR
1TIRR e B T4 A s it o A S g
TEPERTSE o X ISHRARERME R W1 716S rRNA
PCRY BEGIFM T, 725 5458 2 GenBank Fi 4
JEH (GenBank & 3¢5 : JF521442-JF521452 .
JF521454 . JF803742, JF803742L4 JZIN119363),
W 25 R BoR XS E R | TR W H
(Corynebacterineae) . H5414% [« . H (Streptospor-
angineae) . i< KV H (Pseudonocardineae), N
M2 AT B V. H (Propionibacteriales) . fBRE . H
(Micrococcineae) LA M 4% 75 I W H (Streptomycineae)
b6/~ H; 7% FFH Streptomycetaceae) . My
R KRN Nocardiaceae) . il 2 % #}H(Streptospor-
angiaceae), 5%k KBl (Nocardioidaceae) ., NFR
FF# Bl (Propionibacteriaceae), B K H FH
(Pseudonocardiaceae), f{FT#FH Microbacteriaceae)
1710 EE; BERE R (Streptomyces) . Wik K HE &
(Nocardia) . BB [N TH & (Nonomuraea) . 5 EA:
LW & (Kribbella) . 213K )& (Rhodococcus). 7N
W& (Microlunatus) . 18FTF & & (Microbacterium) Lk
KBy QR & (Pseudonocardia) 84~ )& . i A
LLAZAR N 73 B A Bk R 1 A R IR R 2w
PITR T , MARPR - b B AR B R 1k R IR
J& LAY 74N &8 IR T o R Ik SE T AR £ 1T 16S
RNAR KT RFE LB thid RE DB, T
T A BERE T, 5 GenBank B I o A bR E T
BRAGHIIMETEDT.8%-100%. 3K F TAE IR P A i
AL FHKLBMP 2114 L% AR Fr A+ 80 A i i
KLBMP 2137, KLBMP2140. KLBMP2143 .
KLBMP2145., KLBMP2147,. KLBMP21515
GenBank# ¥l & h R T Ak Nocardia aobensis
(AB126876). Nonomuraea endophytica (GU367158).
Microbacterium yannicii (FN547412). Kribbella
hippodromi (EF472955). Rhodococcus tukisamuensis
(AB067734). Pseudonocardia cypriaca (HQ157191),
Microlunatus parietis (FN556016)A0{L0 1 fx =, 77

BH99.71% . 100% . 98.17% . 97.58% .
99.05%. 99.57%. 98.86%.
2.3 BEREMHEYREEEE ERR

X 1 3R 1 IR IR A X A s Dt L R ) 0 RT3
PESEATIE o 253 BR(£3), 204 14.4%.
13.5%. 13.5%. 10.8%. 9.9%. 9.9%. 9.9%.
9.3%. 8.1%. 7.2%. 5.4%. 0.9%M B ARXTL.
theobromae. B. dothidea. C. chrysosperma. B.
berengeriana., D. ribis. C.lunata. C. adipose. C.
gloeosporioides . L. crassispora. F. graminearum .
C. globosumV) X C. adipose LA TN TE . PAL
LW KLBMP 2009, KLBMP 2051, KLBMP
2088 LA M AR R+ HEZL IIKLBMP 2170, KLBMP
2174, KLBMP 2176 HAKRIMEEH:, 20
Xof 1A S BT A R R AR TE LS mmbd b, A
L FKLBMP 2009, KLBMP 2047, KLBMP
2051 24 B AR B +HE £k I KLBMP 2170247 3%
PIINTENG P, 2 X AR i S L B A Y
GG VE . RS B BRI T B S P A i
W AT AR AR 0 S L S TE R AR D BT IAR TR AR, 31X
SO TR R S A TR T T 1 2B 3 ) o S AR FH AL
A Ff T — 2D M 5T
2.4 PiPETEHEFR

VL URRTBCER B L3 R e K™ A IO Yk 004 7
KW AW, TR E NS0 pg/mLFAF T R H]
Alamar bluei: Xf W iE 4i ii Ak SGC-7901 HINCI-
HA6GOFATHU IR TG M5 o RE I vl e s 410 1
RRTA0% M EEHAT T8H(RS), 450 BoR5
B 44.1% (49)LA S 33.3% (37)F% T B Rl e 20 it
PESGC-7901 L4 K NCI-H4601) 3 41 3 7E40% L) |,
BN R WA S R 1 R el Y 7 s N )
44.4%, MRPR BT 5 S EY55.6%. A
18 LA K 22 8% ikt £ T % Jiv 98 4 i B SGC- 79011 il
NCI-H460 84l il K E80% L) . HHKLBMP
2137 KB A IR B Wk , KLBMP 21454213k
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100—— KLBMP 2145 (JF521450)
99 - Rhodococcus tukisamuensis Mb8T (AB067734)
98 — Rhodococcus wratislaviensis NCIMB 130827 (237138)
96— KLBMP 2114 (JF521442)
| Nocardia aobensisIFM 03727 (AB126876)
100 Nocardia elegans IMMIB N-402T (AJ854057)
85— KLBMP 2147 (JF521451)
[ L Pseudonocardia cypriaca KT2142T(HQ157191)
92 104 Pseudonocardia zijingensis 6330T(AF325725)
97— KLBMP 2143(JF803743)
1000 | Kyibbella jejuensis TDIT (AY253866)
Kribbella aluminosa HK1 0478" (EF126967)
90 10— KLBMP 2151 (JF521454)
"9 | L Microtunatus parietis 12-Be-0117 (FN556016)
] 100 Microlunatusginsengisoli Gsoil 633T(AB245389)
85 KLBMP 2137 (JF521448)
HﬁL KLBMP 2138 (JF521449)
Nonomuraeakuesteri GW 14-1925"7 (AJ746362)
KLBMP 2134 (JF521447)
looﬂ Nonomuraeacandida HMC10"T (DQ285421)
M Nonomuraea endophytica YIM 65601T(GU367158)
100— KLBMP 2170 (JN119363)
98 L Streptomyces phytohabitan KLBMP46017(JQ345722)
99 Streptomyces armeniacus JCM 3070T (AB018092)
Streptomyces althioticus NRRL B-39817 (AY99991 1)
99— KLBMP 2041 (JF521446)
100 Streptomyces matensis NBRC 12889T(AB184221)
| Streptomyces althioticus NRRL B-39817(AY999791)
100— KLBMP 2052 (JF521445)
L 68 Streptomyces kunmingensis NBRC 14463T (AB184597)
Streptomyces alboniger NBRC 127387 (AB184111)
— KLBMP 2150 (JF521453)
94 ~1ogt Streptomyces phaeochromogenes NBRC 3180T(AB184738)
Streptomyces ederensis NBRC 15410T (AB184658)
83 KLBMP 2060 (JF521444)
79] L KLBMP 2068 (JF521443)
| Streptomyces badius NRRL B-2567"T (AY999783)
W Streptomyces globisporus subsp. globisporus NBRC 128671 (AB184203)
86 KLBMP 2140 (JF803742)
| L Microbacterium yannicii GT2T(FN547412)
Microbacterium arthrosphaerae CC-VM-YT(FN870023)
——— Microbacterium insulae DS-66T(EU239498)
Bacillus drentensis LMG 218317(AJ542506)

99

10

1. £F16S rRNAREFFIHRF LB
Figure 1. Phylogenetic Neighbour-Joining tree of the actinomycetes based on the 16S rRNA gene sequences.
Numbers on branch nodes are bootstrap values (1000 resamplings). Bar: 1% sequence divergence.

actamicro@im.ac.cn



TREE | RIS, 2016, 56(2) 247

R3. MEAENHEYREEESRSEIT
Table 3. The anti-phytopathogenic fungal activity profile of the 35 positive actinomycetes

Inhibition degree against indicator strains’

1 2 3 4 5 6 7 8 9 10 11 12°

Test strains

KLBMP 2009 + +++ + - - - + ++ ++ _ T+ "

KLBMP 2047 - ++ ++ - - - ++ ++ - - + _
KLBMP 2051 - ++ ++ - - - + _ _ _ T+ et
KLBMP 2062 - - - - - - — _ _ _ T+t +
KLBMP 2067 - ++ - - - - + + _ _ _ _
KLBMP 2068 - + - - - - — + _ _ _ +t
KLBMP 2079 - - — + ++ — + - ++ - _ _
KLBMP 2088 -
KLBMP 2112 +
KLBMP 2113 +
KLBMP 2124 +
KLBMP 2133 - - - - - - + - - - _ _
KLBMP 2143 - - - - - - — _ _ _ _ +
KLBMP 2147 - - + - - - - - - — _ _
KLBMP 2153 + ++ - - + - - + _ _ + ++
KLBMP 2155 - - + - - - - - - + _ _
KLBMP 2157 - + - - - — _ _ _ _ _ +
KLBMP 2164 - - - - + - - - - - _ _
KLBMP 2165 ++ + + ++ + - - - - - _ _
KLBMP 2167 - - - - - - — _ +
KLBMP 2168 - - - — - - - - + - _ _
KLBMP 2170 +++ - +++ ++ + + +++ -+ +
KLBMP 2172 ++ - + + - _ + + _ _ _ _
KLBMP 2174 - - +++ ++ +
KLBMP 2175 + + - + + - - + _ + T +
KLBMP 2176 - - +++ +++ +
KLBMP 2177 + - - - - _ _ _ _ + _ _
KLBMP 2178 + ++ + + - - — + _ + +
KLBMP 2181 - + + - - - _ + + _ _
KLBMP 2186 - - - + - - + - - - _ _
KLBMP 2189 - - + - - - - - + _ _ _
KLBMP 2190 - - - - + - - - - - _ _
KLBMP 2194 - - - - - - - + _ _ _ _
Total % 99% 13.5% 14.4%  9.9% 9.9% 0.9% 81% 13.5%  9.0% 5.4% 72%  10.8%
a: Symbols of inhibition degree against indicator strains: (+) zone of inhibition ranged between 4 and 7 mm, (++) zone of inhibition 8 to
15 mm, (+++) zone of inhibition greater than 15 mm, (—) no inhibition. b: Antifungal activities were tested against D. ribis (1), B.

dothidea (2), L. theobromae (3), L. rubropurpurea (4?, C.lunata (5), C. adipose (0), L. crassispora (7), C. chrysosperma (8), C.
gloeosporioides (9), C. globosum (10), F. graminearum (11), B. berengeriana (12).

+++ - - +++

++ - - -

++ + - -

http://journals.im.ac.cn/actamicrocn
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F4. ZEERFRIRYIX B LI ARSGC-7901 L FENCI-H460 By $7 BB 5 14 55 11
Table 4. Antitumor activity of crude extracts of the isolated actinomycetes against cell lines SGC-7901 and NCI-

H460
. SGC-7901 NCI-H460
(50I /mL No.’ No.”
ug/mL) Strains (KLBMP) Strains (KLBMP)
2030, 2044, 2062, 2068, 2080, 2087°,2093, 2030, 2044, 2062, 2068, 2080, 2087,2101,
ok 18 2101, 2112, 2113, 2137, 2145,2164, 2170, 22 2112,2113, 2123, 2133, 2137,2145, 2152,
2185, 2188, 2189, 2195 2158, 2164, 2167, 2170,2185, 2188, 2189, 2195
*x g 2002,2034,2036,2097, 2128, 2158 2165, 5 2043,2053,2159, 2172, 2187
2006, 2011, 2014, 2053, 2084, 2096,2133,
" ” 2134, 2135, 2139, 2144, 2152,2153, 2159, 10 2002, 2006, 2041, 2055, 2072, 2093,2124,

2162, 2166, 2174,2177,2178, 2184, 2
2193

Total (%) 49 (44.1%)

187,

2153, 2165, 2178

37 (33.3%)

a: IE (Inhibitory efficiency): The cytotoxic activity is expressed by the inhibition rate, inhibition rate small than 40% are not shown in this

pa}éer: * 40% < inhibition rate < 60%; ** ¢
c: Bold font represents the endophytic actinomycetes.

WB R, HARR SRS wEk, ERER
M, SEEEMLL, 78 AR50 FE %
KLBMP 217057 T B3k P IRE 16 1 . SEAZ B
JKLBMP 2170 % B AI3HI X SGCTI01 1 ICs73
B H1.2 ng/mLHI0.79 pg/mL; XFNCI-H460H)

ICs/3 51 °416.3 ng/mLLL }24.1 ng/mL ., 3% 156 B ik
ab /A

KLBMP 21707] fig 5 il — 2L B A 1 3B i 1 14
&Y, ARSI EME, X R E

TN AL AL N A SRR A BRI B — AR
FITT IR TEEAL S TR Xt % . Sk EEE, FRAT
e BW— S B X AN [ ) 40 ik 2L A 8] i B B g
TP, WERRKLBMP 2093%FSGC-7901 441 i 2
$980.79%, TMiXFNCI-H460 I ZRAY }140.12%

FIFEKLBMP 2133 HIKLBMP 2152 XfNCI-H460
2R354 87.81%H185.85%, 1 XF SGC-7901HY
KRN 65.00%F159.8%, 1% A] GEE AR T
i AL A BT 2, PRI AT T A 3 B TR Ak T BB
B2 Tl A G 3 2k AS [ 4 4 WL & 4 e i ogg
T

2.5 BEARKLBMP 2170MFES4HE . BESRIGAE K&
A AR ALARFAE

I FEKLBMP 21707EISP 2. ISP 3L ENAKEF;:
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** 60% < inhibition rate < 80%; *** 80% < inhibition rate < 100%. b: The total number of strains.

AR REYE, #EPDA. £ [G . ISP 4L ISP 5%
Fidh Frhas K 7EISP 4853 FRefg AR AT
el EaR, UERZEAGEMRL6, N
[LE2a8 REEY T FAR NN IR T §I 2% e (IR TN (]
)T 22 ECIRBURBEIR , B BRAR A%
flFREDCHICN, FENWZZ. AER,
“hy B P T R R T
FHRKLBMP 217068 AL A e . 7K fift 3
¥y BEBEAIHIRER . AR . L HSEAN, 6
MR A E . RS . 2P0 RBESERDE, A
AB-N-L B EET B . o-PFU NG . B

5. BHRKLBMP 2170895 55454

Table 5. Cultural characteristics of strain KLBMP 2170
Agar — Colour of mycelium Soluble
mediums Aerial Substrate pigment
ISP 2 Good Yellowish white Light orange -
T ish ish

ISP3  Good  Vivid pink yﬁfﬁg‘; greenis
ISP 4 Moderate Grayish yellow ;:Eilt yellowish Pink
ISP 5 Moderate White Vivid pink -
NA Good White Pale orange yellow —
PDA Moderate White Yellowish gray -

> Pale yellowish .
Czapek’s Moderate green Yellow white -
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Figure 2. Scanning electron micrograph of strain
KLBMP 2170 grown on ISP 2 medium for 14 days at
28 °C. Bar, 10 pm.

6. FHKKLBMP 2170894 384 L4F1E
Table 6. Physiological and biochemical properties of

strain KLBMP 2170
Reaction item Results Reaction item Results
D-Arabinose + Mannitol +
D-Raffinose + Cysteine -
L-rhamnose  + Lactamine -
Dextrin - Hypoxanthine +
D-sorbitol + Glycine -
Trehalose - Valine -
Xylose + Arginine +

D-Cellobiose + B-N-acetyl-glucosaminidase ~ +

Xylitol - B-glucosidase +
Sucrose + a-galactosidase +
Glucose + B-galactosidase +
Maltose + B-glucosidase +
Urea + Esculoside +
Gelatin + Starch +

B M F AT, (HANRERSMIATRIRT | sl . K

3

R B AR TR P A — D ORI,
GEIT2940% 1) HA HEYTEHEUE Y R IR DL
2370% 1 llh K F 04 2R a0 246 RN g 25 i 2k
R OEREHUER . RBEIUER . AL
PUbE R MR R A N
TR T S HEAR B e ST 2k v e A 3% 1 ) o ) T
BORR, 124 F1E T N H 4B 3 2R A
RN R LR €2 A P ANGR 75 e a3 S
24 PRI, TS 24 PRI R Dy SL A2 N A
FARPBR - S 1Y 2R R A= U T Ve R R GE0TE
FEBAIXED PRI AT AR L 2L

R T R] RE B A [ TR TR Y A R
AT T S8 TR A S I A 8R4y
BIRETRAE, F I LL G AR N SR By e b oy
BT 27TRR IR, SR EEERARI. N
J Sk 1) ZAEME LA S A 3 P R B 98 AR 2R R B Y R
FBEIR, AT I N At DAL AR B 24
PELL R AE s

R 8 AR TR 22 i B € X6 N A B AR B 1 T e
BT 2R GeTE, Hoh N AR g i n] o 82k
e, ARPr L IEEERE R T 2 10D 2R . X 15HRAR
TR 16S rRNAKE RN 52 245 5 b /s AT
SBTOMIEH . 718 8 R, BN TR IAY
T2 A B AR 3BTl 2 TR ) e FE A W 2

ARWFFERT K TR R, £29.7%
(33) B BR 2=/ LR J L T B R e .
H130% 1 N AE TR, 70% [ S AR PR 4= 8 il 4k
W TERAMRETE R b, CR MR AA
M KLBMP 2143 (Kribbella), KLBMP 2147
(Pseudonocardia) X} #i53AE )95 [ L T 2 IS5 1Y
BT, X5 Tanaka%E ™ 1238 1 A 204 9 B
IR M EE R AN — 2, XSS R — 2L b
KB, XIC. globosuml) i C. adipose s NG PER
PRAL A 5.4%F10.9% , G 16 2 Fr) FH A T o 0410 T
WA o ARARGE , 24 A N AR R T D
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JAR PR I 2 A B BT, X
F2 B a] BE AT BT I G A I F7 B 0T AN e
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i, Miyanaga%:® M Nonomuraea pusilla TP-
A0861 143 315 2 H A HUMe i 14 i Myxochelin

A, Natsuhara%m}J\Rhodococcus terrae 70012 (Rt.

GM-2) 73 B 45 3 B A PR 15 14 i mycoloyl
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Diversity and bioactivity of actinomycetes isolated from
medicinal plant Taxus chinensis and rhizospheric soil

Panpan Zhang, Sheng Qin, Bo Yuan, Yongqiang Chen, Xiaoying Cao, Jihong Jiang
Key Laboratory for Biotechnology on Medicinal Plants of Jiangsu Province, Jiangsu Normal University, Xuzhou 221116, Jiangsu

Province, China

Abstract: [Objective] In order to provide strains with high activity of anti-phytopathogenic fungi and antitumor
activity, we studied the diversity and bioactivity of actinomycetes isolated from medicinal plant Taxus chinensis and
rhizospheric soil. [Methods] Seven selective media were used to isolate actinomycetes. Experiments of anti-
phytopathogenic fungi, cytotoxicity activity, and the 16S rRNA gene sequencing of them were carried out to evaluate
the diversity and bioactivity. Strains with high activity were identified. [Results] A total of 277 actinomycetes were
isolated, of which 111 strains were selected and assigned to 6 suborders, 7 families and 8 genera, in which
Streptomyces can be divided into 10 groups. The bioactivity testing results indicated that: 30.9% isolates showed
activity against at least one of the 12 phytopathogenic fungi; 44.1% strains and 33.3% strains showed cytotoxicity
activity with inhibition rate above 40% against stomach cancer cell line SGC-7901 and lung cancer cell line NCI-
H460 respectively. [Conclusion] Actinomycetes isolated from Taxus chinensis and rhizospheric soil is of high
diversity and a good source for the selection of bioactive compounds. Streptomyces KLBMP 2170 is an excellent

resource with antifungal and cytotoxicity activity for further studies.

Keywords: actinomycetes, Taxus chinensis, thizospheric soil, diversity, bioactivity
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