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The selective isolation of endophytic actinomycetes
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University, Kunming, Yunnan 650091, China)

Abstract: [Objective] In order to obtain more resources of endophytic actinomyctes, the aim
of the study is to establish an effective method of isolating endophytic actinomycetes. [Meth-
ods] Disinfectant and sterilization procedures, pretreatment method, isolation medium were
compared. The isolates were identified based on morphology and 16S rRNA gene sequence
analysis. [Results] It is very effective for samples sterilized 4—7 minute with 5% NaClO. The
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pretreatment method of processing sample 15 minutes at 100 °C have a good effect on reduc-

ing the interference of fungi and bacteria. Isolation mediums containing sodium propionate and

sodium succinate have good effect on isolation. [Conclusion] The isolation method that plant

samples were surface sterilized and dried, processed 15 minutes at 100 °C, broken in a sterile

mixing cup, and then were separated on isolation medium is very useful.

Keywords: Endophytic actinomycetes, Surface sterilization, Pretreatment, Isolation medium

AR A 2E T4 (Edophytes) fes 1 72 A= 1l S I —
I B ml 4 w0 B B AR 10 T AR ) 2H R P S
NI, A5 AR A I AR i B e
R N A 55 R A A P ) A o A A
WAFFIAHE AR, A5 A A GRAE . Bk
RIS AE [ 2055 65 AR 2 I, i L T
DAL (2 B P AR LA R 5, (AR N A
FER T 7 e A B i AR A ) s AR L5 )
RE I R, S P AR B BRI Y
BN E RN FVE T TR, M AR ik
AU 50T IZ . R w 2D EBLiE
A" A Z R Z AR B IEVE T, TEA AR | BR2Y
A TR s 1 Iz TR R (ELER TR
PR EL R A B A N, 78 0 B BRI 5
RN B AR, OB G I N AR R T
MR . Wik, LA R N A R T o T
VA T A W) PN AR TR TR BT IRE ST 4 R
P AR ST AFAE IR = 245 T AR N AR
28T R BIE5T o R T, 3 O AR A R T T
TR PUALBE. 7> B IR AR OCHE B N R 1 L
BT, AL T — R0 BAEY) N AR TR Y
AR

1 RS

1.1 #R
L1l #FFKIR: SRR Sh IE AR (Maytenus
austroyunnanensis) .+ 2 7 (Goniothalamus yun-

nanensis) . #& /K% (Cyanotis arachnoidea) . 1562
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(Campanumoea javanica) . 4 5 =% (Chloranthus
spicatus) . ﬂ(%;ﬁ((fasuari naequisetif olia L)%%
TR VOBRAs L | B
1.1.2 DBEiEFE: A (HRFERIRIE, g/L): R
2H 0.25, K,HPO, 0.5, Eifig 15, pH 7.2

B (EHEMRE I, o/L): B 1| (BT
10 mL 0.2 mol/L ) NaOH ), Na,HPO, 0.5, KCl

1.71, MgSO47H,0 0.05, FeSO47H,0 0.01, CaCO;
0.02, Bifig 15, pH 7.2

C (RITA BRI - R -N IR AN FR 5L, g/L): L-
RITABE 1, BER 2, INEREN 4, K,HPO, 0.5,
MgSO,-7H,0 0.1, FeSO,7H,0 0.01, ¥ 15,
pH 7.2,

D (LT BRiEE, g/L): JLT R 2, K,HPO,
0.7, KH,PO, 0.3, MgSO,-7H,0 0.5, FeSO,7H,0
0.1, ZnSO, 0.001, MnCl, 0.001, Eifi 15, pH 7.2,

E (HFEBEREIRIE, o/L): MEHRE 6, KNO; 0.5,
Na,HPO, 0.3, MgSO,7H,0 0.2, CaCl, 0.3, Fil§
15, pH 7.2,

F (NERENIG AL, g/L): INEREN 2, NHLNO;
0.1, KC1 0.1, MgSO,4-7H,0 0.05, FeSO,-7H,0 0.05,
Blg 15, pH 7.2,

G (B RICAHLERTEM EE SR, g/L): alis e
#5 2, K,HPO, 0.5, MgS0O,4 0.5, KNO; 1, NaCl 0.4,
FeSO47H,0 0.01, #fg 15, pH 7.2,

H (M-t ZA R IR 8, g/L): fiThE 5, L-
1R 1, KNO; 1, NaCl 1, CaCl, 2, K,HPO, 1,
MgSO,7H,0O 1, Bl 15, pH 7.2,

I (BRI SR 5L, g/L): BEFITREN 0.9,
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NH4H2PO4 05, MgSO47H20 01, FCSO47H20
0.01, Bifig 15, pH 7.2

J (PR E R IR, gL): R 0.12,
NaNO; 1.5, K,HPO,3H,0 0.4, MgSO47H,0 0.1,
CaCl;H,O 0.05, EDTA (Z D4 ZFR) 0.02,
Na,CO5 0.2, Bl 15, pH 7.2

K OKIRIEE: 3R 45, o/L): Bl 15, pH 7.2,

BT A 55 3% 56 v S8 AR 28 W R
25 mg/L, HIFEHEZR 50 mg/L, EAREREP 25 mg/L.
12 ﬁ5£[12—14]

121 #@REHESE: HE KUY AR
T, RS PR AR IR, H K RIER

HERT: UL I i —0.01% 3 20
AER 30 s—H AT RN 5% UK F RN AL
4~7 min (F . 25, HALIES [EIAS [F]) - TSR K TG Uk
ZIR—TCH 2.5% RN 10 min—75%
LTEAHE 5 min»> T /KR ZIK—-TLH
5%—10%HR IR ZANALFE 10 min— & T ICH A4 IE
YRR BEFE LA T4

FETH I BRI B 5 — YIE PR
YIH L PEE K 0.2 mL ¥R AR T 22 257 - B ]
PREEFRAL b, B 28 °C #5535 3 JH, KR miyH &
IR .

1.2.2 HMEMLLE: (1) SRR, F 5 RN
FE TS, B 100 °CALPE 15 min, SR)5BE1T T F

IrE

(2) RURAbIE, FESERTETHEE TS, —80 °C
WU T d, SRIG TR AT

(3) WARMEEIRA AR IR TS, 7
TR I AR EEE, SR)5 AT TR 385 .

(4) RGN, PR R TS, BT
I KIE W IR 7 min, SRJE A TR
R0 BE 5350 R

[: Z50EfidPR 25 mg/L, #EHZHE 50 mg/L,
HKTRPT 25 mg/L;

I1: Z5nEMRR 50 me/L, HIFFEE 100 mg/L,
KRR 50 mg/L;

I ZE0E[IRR 75 mg/L, HIEHZE 150 mg/L,
HHIRET 75 mg/L;

IV: ZEnERR 100 mg/L, %5 % 200 mg/L,
EAERET 100 mg/L.
1.2.3 EMOE: REHEE NS TE
FEPRH R, IR A Tor g sigi it |, 28 °C izt 4
L. L, Rt ER G, PR R s R
TCHLER e R TRk alifl . alifb ) BRI RD T2
- E IR AL
124 HEMEE: WHERELHEIR . SRR
RIFHIAEIAZE, BRI EEFEE DNAM, H
TEE IS 1P 1 16S rRNA K4 . FH] PA (8-27f:
5'-AGAGTTTGATCCTGGCTCAG-3") /£ 1F ] 5|
Y, ME 16S tRNA FEH 53 E8 53 751 (953
1 134 bp), FI/l BLAST £+, M GenBank .
EMBL. NCBI %3808 Fe rh A TARRIME: e X,
WA E RS .

2 ZRE5WR
21 HmREHE

RN AN A" — R R
MERT, BAARSEINER RO T, b %t
AR E o ARBTHTERIZEI | RS
I T A [ S5 2 P R SR T AR

TEXTRE S EAT SR IMTHBERT, HAE AL R Hisk A
4 1 R S S ECR T AR, SR TG
M EZRNZ —o N T AREEERAR PR A
R T, FAT7EHITE 7K b i) 2L Ak
|, B RATE A AL BERE Y 3-5 min, REARK
WD HE R T, 2 O BRSEA N BRI

HURS T RIS . SBF ., MR 20, B4 URIR
B BRIR AN AR, AR 2 A LR AR PR
(], XA ol R T R AACR SR, ST A B
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ARATEN 5% AR AL B AR 3R
T A, EALEEE] N 4—7 min B, 2> ESERIAY A
A TR B R FP 2 22 IR K, Y AL SR [A] ZE K &
8 min LA LA, 4388 2 PN A B A Ah S BE R
[F] () 22 B S

R T REARER B 0 U R AT P AR T Y B,
TEIE TSGR 2.5% VR B A B A Ui IR A A JC T
IR UEAEY), SCI A B0t REZH PN A R A I R R
AW Ry, HACR B

W R B, KA 5%—10%1 0k 2407
WWAEYIRE A, RS G HE, AbS BARER TN
(49 ) AT ST T WA S, (L BE AT b AT ] P9 A BT
MR, $R e TR IR TR R, LR AT R
FhT 10%HBE RS NaHCO; %5 i S Mk, 5]
TV AETAE ) A AR R RS /R, RIS T
HEMAK,
2.2 fEmTALE

FH T PR 2B TR0 TR 1 A A A O N L TR 2212
SR AR A PR R A TR R, A R 20
MEREWTH, W T, B0 IRANER
AL AR AR T AL B

22.1 SiRAIE: WL EMGEE ), &R
WPRSE, MEFANAT . S K ORI 4 BT 2L R S oy
S PN A R TR B A AN IR R EE 3 A4k
HA RPN . B K AP AE RO RS, FEAA
REAT B BT . IS Y 1 = T A B AT A 2
PRI PR AR, SRR B0 7 B A — e SR AR
o WisEsA, B2 mBAHE B2 ik
B ROnis L, R AT R R A A
TR L, T IR ROR, T
KA AR A ) ASTE AR e iR AL B
222 AHRAIR: BB HRELE, Sk
IRk TR PR D, g B B TR R AL
HIHBIINEE 1), HAERE R X e H
T 2% P BH P B IR A HCPT D 3 B TR, i
2 TG P B T AR 2R R KT ) AN R 9
R A O 5 T < e o {1 B LK e 2
P T RN B, ] R AEICHR A 24 B B
AN % PO BB

223 BEMEBRT: ZERYIYURIER
RO AR, WD T AR R LR TS e, A
SN R AR AR BN, " RE R

F1 RAFNRERAEERRE, NERKESBIRILR(EE 2 XERTHE, CFU/IL)
Table 1 Number of endophytic actinomycetes from different samples and media by heat and
freeze treament (average number from two repetitive experiments, CFU/plate)
- 1
S ey FiRALE Yorak 5
ampies No treatment Heat treatment Freeze treatment
E F H I J E F H 1 J E F H I J
BTN 1 8 4 7 8 10 4 7 5 3 8 12 64 11 56
Maytenus austroyunnanensis
GEAES 0 0 0 0 0 12 10 8 6 12 22 14 72 52 62
Goniothalamus yunnanensis
Fa KB 0 0 0 0 O 0 3 0 0 0 24 16 60 13 58
Cyanotis arachnoidea
o 4 5 2 5 7 3 2 20 5 4 18 14 58 15 64
Chloranthus spicatus
+5% 3 2 3 5 3 0 0 0 0 0 22 15 46 56 12

Campanumoea javanica

{E: E, F H, L S5PPRH5 75 A i 20 s R A X L

Note: E, F, H, 1, J correspond with isolation mediums in materials and methods.

http://journals.im.ac.cn/wswxtbcn
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R RBTE, A M TR AR PN R,
2.2.4  HMHIFLRE: T A AR R A A AR AR
B IR R TS L, NIAERR IR TN
A TR 05 A 2 B A G P AR TR LR R A
Mo AT A SRR 2 Jn A 2
S, A TR AEC R AR G, SR AR R R 1Y
R IReai ARG 2), #3ese 19U,
BRAMRIRM, AN, VIR, ARREE
SR TR T A R .
il 790 ¥ WO AR A 2 R A B i AL T AR R
W R, FE— 2D UESCm ] A AR R | AR Y
AR T AR R I B oSSR A )
I A AR R T AN R, o0 B T TR 2K
AR, 3% AT BE-SAE A SURAE RN 550 )2 32
PR K. M, WARIEA R A H SRR+
T AR o B Ak AR i

bR T bk 4 R SRR A RSN, TR
SR T — e AL AL BT A AT S5 . — i

NERT W o 5 e AR 2 S0 o B B Y
WAERECR D, FRATHT 0.2%1 PVP (R 2
IS A ) K P TBONS B 5 B o O R A T TOUALE
AR = P A B R R IR, AR
FMENHTE T, BT 100 °C FiRALFE 15 min, T
JGWZ) 1 g BT 9 mL T TR B (1% )5 5 R
+0.05% SDS (+ ke AR B 4M) + 9 mL pH 7.4
1 PBS (MR %k 28 MK )+0.005% il 5 1 2K u¥
6% B2 £ F + 0.05% SDS + 9 mL pH 7.4
PBS+0.005% il % I & ), 37 °C #& JK i %
30 min, MHETUE, W EEREER 107 R1R,
RE R 48 e JRC 4 T 1 L TR IS (], 28 4 BT Y A
A FE HH TR R RS2 RE 1 b 2 bt R 2 S 4 e

FHZ 5 VOB 4 B B T — S R A R
PR, B BE 96 B & (Saccharomonospora) |

W 2 1 W J& (Saccharopolyspora) . % ¥R B J&
(Blastococcus) . B [N TH J& (Pseudonocardia)
/N T 8 (Micromonospora) = . #5851 HA

x2 IRFRAELER, 2BRMMEENEEE 2 XEITE, CFU/M)

Table 2 Number of endophytic actinomycetes from different samples and media by treatment with chemical ger-

micides (average number from two repetitive experiments, CFU/plate)

er AETE oh B IR er AEEIE iRl
i Processing Isolation medium ! i Processing Isolation medium
Samples . Samples
method A B G E F | method A B G E F
i Control 0 0 0 0 0 B Control 2 1 1 1 1
Smilax I 0 0 0 0 0 Dio- I 1 12 1 1
Glabra i Scorea
Roxb. 1T 17 13 12 8 5\ cirrhosa II 1 1 1 1 1
[ 6 7 3 3 2 il 5 2 2 3 2
1Y 0 1 0 0 I \Y 0 0 0 2 1
BB Control 0 0 1 0 0 VN Control 0 1 0 0 0
Stemona I 0 0 0 0 0 i Casuari I 1 ? 0 1 0
tuberosa i naequi-
Lour. II 1 0 1 0 0 setifolia II 1 3 2 1 2
] 2 2 1 12 = 11 5 5 6 5 4
\Y 5 2 3 0 0 \Y 1 0 1 0 0

IE: A, B, G E, F SR ST E P B9 B IR SRR, T, 10, L, IVFZERPRHS O i i TR 4.

Note: A, B, G, E, F correspond with isolation mediums in materials and methods. [, I, III, IV have a detailed introduction in ma-

=

terials and methods.
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b€ e o e N WA oY= S 24112 04 {2 RS
SR FHRRBRAG IS A B AR AT IR R B ER, St/
il & JB (Micromonospora) . J& /N ¥ 1§ )&
(Promicromonospora) . B 1 % H )&
(Streptosporangium) A BEU- 1 43 BEAIUR:
23 N EEFEMLR

O3 B SR R R R AT B O . RN T
SRS, AE) N AR T 1) AR KRB T TR )
BT Z, e &AL D i B R BT A
RO B A TS, AR TN A T Y 43
g2 R FHAE )2 T T 35— e iR AL B — T
B PR AR T AT 0 — B W 23 2 R 7 1) B Al
b, BATEASERTTT 10 ZFEE X WA R
HEATAr BIRCR I LR, Ay B AR A B — 2873 B RICR
B RS 45 B R AT N R AN
Rk . BRHARRENIG IR | AR ER I R
RORARGY, HOCR R AR (R 3), B+

WG 4), X 3 FEg kb g2 1 RS R
PSRBT QT JE (Pseudonocardia) . 77 A TR
J& (Nonomurae) . i< [T & (Nocardia) . /N
R . PR R 8 (Nocardiopsis) . W% &
(Glycomyces); —Lb25 HLIY) 1% 7 FE (U0 & A IR 15 57
JE L BEREE IR LT B IR o AR A
U, o3 B N AR A TR B R 2R 8k 2
W, WrER T AR IRGR 4),
M-I R IR L . AT - PR B SR SR L
T 5 12 98¢ 1 ) 35 7 0 B B Y T TR B B AR
A2, (HA] 3 2 3 —LL B {0 RE AR R R A
AR, PSRN, X AP G FR I EAR
HERR, R T AR R 0, R T A
RT3 B N T 3 A AUl R R ) 5

24 HEFERIER

24.1 EHEREW: ENAEREN DR TP AN
IR LR 7k, o iR ERT(E, 2

*3 TRBFRESBIMANENLENREE 2 XEFHIE, CFU/M)

Table 3 Number of endophytic actinomycetes from the different medium and plant samples

(average number from two repetitive experiments, CFU/plate)

7 Pae:
R A B C¢C K D E F G H I it
Media Total
BTN 11 8 3 4 15 7 8 4 7 15 26 108
Maytenus austroyunnanensis
T3 B 8 10 0 4 10 5 8 2 3 11 13 74
Sambucus adnata
FNUR(ES 14 9 3 5 9 6 6 3 4 13 17 89
Curculigo capitulata
k=, 11 8 1 3 5 3 6 4 4 15 8 68
Maesa indica
L 14 8 2 4 4 9 12 0 5 6 12 76
Streptocaulon griffithii
+5%% 3 2 0 3 6 5 3 3 5 12 7 49
Campanumoea javanica
ZEMEA 7 5 4 3 5 6 5 2 2 3 12 54
Cudrania cochinchinensis
4 4 5 1 4 9 5 7 2 5 6 11 59
Chloranthus spicatus
471 Total 79 60 15 33 69 51 60 21 39 88 119 634
F 4 Percentage (%) 125 95 24 52 109 80 95 33 62 139 188

[E:A,B,C,K, D, E, F, G H, 1, ] 5HEHG Tk i i 43 B 55 3 FEAR X
Note: A, B, C, K, D, E, F, G, H, 1, J correspond with isolation mediums in materials and methods.

http://journals.im.ac.cn/wswxtbcn
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x4 TREEBEFREDSBONERMEELBHRYE(EE 2 XEFME, CFU/M)
Table 4 Species and number of endophytic actinomycetes from the different medium
(average number from two repetitive experiments, CFU/plate)
N ; [ERiEe
L A
TR/ A B C K D E F G H 1 At Fiamseiinge

Genus/Media Total (%)
R B 32 24 12 21 33 30 32 10 27 44 48 313
Streptomyces 49.4
BoERKEHE 9 3 0 2 7 2 3 0 0 5 14 45 7.1
Pseudonocardia
WA R S 8 7 0 0 8 2 5 0 2 7 17 57 9.0
Nonomuraea
WERE 9 9 0 3 7 7 5 3 0 15 13 62 9.8
Glycomyces
ERKEE 7 5 2 2 5 5 6 3 7 5 11 58 9.1
Nocardia
Bk R 77 1 3 4 5 6 5 3 7 7 55 8.7
Nocardiopsis
JE/ N B B 7 5 0 2 5 0 3 0 0 5 9 35 5.5
Promicromonospom
A1l Total 79 60 15 33 69 5l 60 21 39 88 119 634

{£:A,B,C,K, D, E, F, G H, L, ] SR 7 I 1970 B 5 IR SEAR

Note: A, B, C, K, D, E, F, G, H, I, J correspond with isolation mediums in materials and methods.

Xt T AL A 2 E A B A 2B b i R
FA L A TIUROGER, DROA B SR P A
GRS BIAE T, FA TR T T AR Al
A TG PR T FE 045 B, FRACT 0 s A R 2
b, AHCHSURIE:, /Nl AR ) 21 2L RERS T
UM oy B RSN A, ol B R B 7R
U B AR, SR RE N AR R I AR R AR LB Y
EJIYi2
242 BRSRM: ZONAREA 0GR N AE HR
T, (LA AR AR 9 A R . B R R
REAE — 2 B2 ol O 4 B2 K110 40 T S ek
dIEFREE, (EIRI L AT e 2k —SeASR A M 21
ZUN B B AT R 2R A

VA LRI TTIEAS A, R4 R, |
AR 5 1 73 B BRI T TG IR FE B i
s MR BRI R, FATE W T ik
Je: AELA R T TH 75 — s LA B CFE 400 o) 40 7 140
7 TR BAT W V) — R P P AT — B

A o 1 o
25 EHRETEER

KA LR B Tk, A Z AR TR E
YR RE T, KR A L 2SR,
2/ ER 39 NME, KERT 2 HE 30 24~
B

3 4

gih ERSER, WATHEERILLT Jrik s e
TN A TR T

(1) & 0.01%0t 75 20 Zb3 30 s—AHRLHE S
TN 5% EIRENALFE 4—7 min (FR, 25, MH4b
PRI RIS [A]) - TR K IE R 2 IR —TCH 2.5% At
TRERENALHE 10 min—75%BEALHE 5 min—JCH
IKIEBEZ R —TCH 5%—10%FR R L 4H4LFE 10 min
1 R BRAFE Y, REAA DR WA R T B )
IS, A MRS,

(2) RHE. RUR . WA . MR
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HOAE B 7 SO AR S AT AL B, A
il 2R R R AR, A M TR 21 2L P T
LA, P N AR R R B TR

(3) VR URAL IR Py Xt R R AN ROR By (L
S B AR, RIERPBCRA B B v, (L
WA/ R AL B i A B PR BAY
TPk, T4 R ) AL B

(4) LANBRERSE/ Ny AP AT BIREL | 38
FAPRER 55 —RIRAGER B v 6] MV A BRI B 15 5%
BN A A R R 7 B RCRAER AT i T AR
MEAEA PR . RIS R R R AR
NRERE, AR T HNATRLRREA R, SRR
oy B T TR 2 ML B SR, B AR B R A
JUT B SRBESEIE & T B AR AR R

RS 80 58 2 VA3 ) S R 3R Al B 3R O
U5, X R SO AR N A TR R B R 2 LA T T
BARGMOITE, SRRV, PR P AAEE R
R A A A TR BB S, R S RE )
BAE TR, TR SO AR AR
Fe, AWt Bk, DUYIERAT I 22 1 N AT
LGB TR R 25 S, R
A TR R B B e BRI AN ), S8 Hh A 2
DGRBS NI OEHNR, ek, R
A RERRAS TE Z M R TR
B BOTRAELL. Rk FRHAREHRS
K IR

2 % X

[1] Stone JK, Bacon CW, White JF. Microbial
Endophytes[M]. New York: Marcel Dekker, 2000:
3-29.

[2] HAKH, KR, MPAERET]. HRFAE, 2001,
23(5): 249-252.

[3] Daisy BH, Strobel GA, Castillo U, et al.
Naphthalene, an insect repellent, is produced by

Muscodor vitigenus, a novel endophytic fungus[J].

http://journals.im.ac.cn/wswxtbcn

(4]

(5]

(6]

[7]

(8]

[9]

[10]

(1]

[12]

[13]

[14]

Microbiology, 2002, 148(11): 3737-3741.

PRy, BEL0IE, 235 HRER AN E —&
RE IF WS AT R BT ST R (D], oA W e aE
2000, 27(1): 63—66.

Germaine K, Keogh E, Garcia-Cabellos G, et al.
Colonisation of poplar trees by gfp expressing
bacterial endophytes[J]. FEMS Microbiology
Ecology, 2004, 48(1): 109-118.

Shrestha K, Strobel GA, Shrivastava SP, et al.
Evidence for paclitaxel from three new endophytic
fungi of Himalayan yew of Nepal[J]. Planta Medica,
2001, 67(4): 374-376.

Strobel GA, Hess WM, Li JY, et al. Pestalotiopsis
guepinii, a taxol-producing endophyte of the
Wollemi pine, Wollemia nobilis[J].
Journal of Botany, 1997, 45(6): 1073—1082.

Wang JF, Li GL, Lu HY, et al. Taxol from
Tubercularia sp. strain TF5, an endophytic fungus
of Taxus mairei[J]. FEMS Microbiology Letters,
2000, 193(2): 249-253.

Qin S, Li J, Zhang YQ, et al. Plantactinospora

maytenigen. nov., sp. nov., a member of the family

Australian

MicromonosporaceaelJ]. International Journal of
Systematic and Evolutionary Microbiology, 2009,
59(10): 2527-2533.

Li J, Zhao GZ, Zhu WY, et al. Phytomonospora
endophytica gen. nov., sp. nov., a novel
actinomycete of the family Micromonosporaceae

isolated from the roots of Artemisia annua L.[J].

International ~ Journal of  Systematic and
Evolutionary ~ Microbiology, 2011,  61(12):
2967-2973.

Ryan RP, Germaine K, Franks A, et al. Bacterial

endophytes: recent developments and

applications[J]. FEMS Microbiology Letters, 2008,
278(1): 1-9.

AR, 218, KA, . MRS M. B2
Ji. dbst: Bhe i, 2010: 207-210.

L, BORAE, MERE, % WA RLRE ST
Be[J]. A eEsE A, 2006, 33(1): 181-183.
PREELZL, Wsi, 221h, 55 FHY N A 2R B 0 4y
BRI AL, 2006, 33(4): 182-185.



SRASTIN A AHY P9 A R o B e R 1313

[15] Li WJ, Xu P, Schumann P, et al. Georgenia ruanii litter[J]. Journal of Applied Microbiology, 2001,
sp. nov., a novel actinobacterium isolated from 91(1): 118—-130.
forest soil in Yunnan (China), and emended [19] ZEA%. TE T B RN A Lk B 2R B AR W 1% 1k
description of the genus Georgenia[J]. International WAEWFED]. B 2Rk 2 s,

Journal of Systematic and  Evolutionary
Microbiology, 2007, 57(7): 1424—1428.

[16] RICH. B ALRTIR N LA R 2L 0 PR

2009.
[20] EL-Nakeeb MA, Lechvalier HA. Selective isolation
of aerobic actinomycetes[J]. Applied and

D] BWI: =B RAI L5008 3L, 2010. Environmental Microbiology, 1963, 11(2): 75-77.

[17] Natsume M, Yasui K, Marumo S. Calcium ion [21] Janssen PH, Yates PS, Grinton BE, et al.
regulates  aerial mycelium  formation in Improved culturability of soil bacteria and
actinomycetes[J]. The Journal of Antibiotics, 1989, isolation in pure culture of novel members of the
42(3): 440—447. divisions Acidobacteria, Actinobacteria,

[18] Otoguro M, Hayakawa M, Yamazaki T, et al. An Proteobacteria, and Verrucomicrobia[J]. Applied
integrated method for the enrichment and selective and Environmental Microbiology, 2002, 68(5):
isolation of Actinokineospora spp. in soil and plant 2391-2396.

Y Y oY Y Y A Y ALY AR Y A A Y ALY A Y ALY Y Y A Y AR Y Y Y A oY A A Y Y A Y Y Y Y ALY A Y A A Y A Y Y A Y Y A Y Y A Y Y AR Y Y Y
(32 p.1278)
iE = A& W

33 WES{EEEHM
331 BESCHHEER: 1) U ASE— AFRR, AR XA a4 BRI SCERE SRR E AR A 2) @BUR R ehES, B
IEARIBIERA, REANH, BT DR, LSRRI, 3) @il Alad a3, TEoRIER LR, A7, 4)
AR TR BN S SR B3, AT R SO EEPER, 552G 55 IS U I BB R A £ R H B E RS
fﬁ@%ﬁﬁ%5)%%W$%ﬁm%§%,%#%AA%ﬂW,W:DM&M?%JD@%X%EW,K%@%WX?
EN IR RS
3.3.2 SCHEiE. RIHEG . BLAK, —BBBOR . BEMIRNERG AN, MR ik
4 R
4.1 KFMFIILL

JL# K2 DNA . RNA sl 8 [ 5F 50 (9383, 1 el o [ PR3t R % EMBL ()3 GenBank (3£ [E)af DDBJ (H
7R, HiETS R E PR3N EE RS (Accession No.) 5 B4k
42  FKTFRAL
421 ARPIRERZRAFRERNCE, EHI—RHE
422 JUAEATHESHER . FEPLRACE, AN BIEFSCFE . &R B0 REY B A T g s i G . 1E#
A I, WoESE s
4.2.3  XF AR AGEAT SCTFINT, B XN AR RS, FEEE S BRI,
424 SCGRHAM. EHUHFGIES CHESME, HPETE . FREBREIT AT AN —YER, AESH AR,
4.3 HERERF KRR E
43.1 SRFRTIBESEHMBESEGHE. AN, —BERR 2 NAZN#E B-mail siIARERE, 1F8 &R0
FIRG WA G MG e LG, MEERYE g R6R M ARG R W T sk 72, SR )5 AR RR B B9 P 44
B G IR F R G DAL B AR, 17 g3 52 o 5K 28 VR A A % Sl i B, o 4 RS g e JE HE BA e 6
432 XA AR, — PR SRR SORR T A ME— AR, XRR R ICEE A B SN, andE S BRI & R,
e B A R A 4 B R A, DLW AR A B L BT L S S P AR AT R R B, 2 BT A B A
I, AT ERrTE

5 RERBEWH
WX —ZFH, K7E K L AR I8 B R — 22 1 & R DT BT R . AT
6 BERFR

Motk AERTTT I XALR VA 15 B 3 S E R B R YT S BT CRUZEY)#E e ) SifE(100101)
Tel: 010-64807511

E-mail: tongbao@im.ac.cn

P4k : http://journals.im.ac.cn/wswxtben

http://journals.im.ac.cn/wswxtbcn



