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Abstract: 14 strains of endophytic actinomycetes were isolated from the roots of ethnomedical plants,

Forsythia suspensa and Forsythia suspensa, collected in Chengdu. The results of antimicrobial and
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anticancer activity assays of the fermentation crude extracts showed: 10 strains displayed inhibition to

HepG?2 cell line in varied degrees, accounting for 71% of total isolates; 3 strains exhibited antibacterial

activity; and strain A263 showed acute cytotoxic activity and wide-spectrum of antibacterial activity.

Based on similarity analysis of 16S rRNA gene partial sequences, strain A275 was indicated affiliate to

genus Kribbella, and the remaining 13 strains were belong to genus Streptomyces. PCR screening of

biosynthesis genes revealed 5 strains possess PKS-I, PKS-II, NRPS genes simultaneously, and strain
A255, A263 possessed 3,5-AHBA synthetase gene additionally, while strain A275 was the only one
found with oxyB gene. These results may deduce Streptomyces was the dominant actinomycetes in the

roots of these ethnomedical plants. PCR screening of biosynthesis genes compensate the limitation of

traditional screening model for bioactive substances tremendously. Endophytic actinomycetes were ac-

knowledged with enormous potential of producing prolific bioactive compounds.
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1.1 ##

1.1.1 HEXERRNEESF: 2008 4F 4 Arpd],
T U BB R B2 3E R Forsythia suspensa 17K i
Solanum torvum FIMSERI KL REMMEM S 1 d 4
() SR A J5 HEAT P 2B TR R 9 43 1

1.1.2 EFEREFERA: SERIRIL: K-BEEE-
WAR(TWYE), 7K-BbE-BE g ME(T 2 B TWYE #5
FREEPIN: BEE 0.5 mg, HiEE 0.5mg, PR
0.25 mg, M2 0.5 mg, ZM4E5 0.5 mg, NLEL 0.5 mg,
VB 0.5 mg, X ZHEAHR 0.5 mg), /BRI
NI AR 0.05%0 . ZEBERI R 0.025%0. 21k 2 45
ERFREL: HWIR—5(Gl). MEBUEASP3)., HeA B
NE(SP2), AmEsEFREL: HAEM 10 g, Mk 20 g,
EEM 10 g, BB 2 g, CaCO5 3 g, 7K 1 000 mL,
PR 5 5 LB,
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pneumoniae . 4B Pseudomonas aerugi-
nosa. 4 ¥ O B ERE Staphylococcus aureus. 2%
W ZERE Staphylococcus epidermidis . K 5 2F i FT B
Bacillus subtilis . MM % Aspergillus fumigatus . 10
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16S rRNA FEHJFF 1 10-29 Fll 673-692, 30—47 Al
654—673 (i A%TR, G A R BE4 610 bp.
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BAH OC F A (oxyB) 43 3 4 H1 51 4 % ARO-PKS-F/
ARO-PKS-R, ANSA-F/ANSA-R. Foxy/Roxy!'"
T PCR ¥ ¥4iiid . FrAsIY KLY 34 R Bengk 1
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Table 1 Primers and relevant biosynthesis genes for PCR screening

GIE7 DSBS nAEEIEY] S 1514 FEH iRzaN 3

Primers name Forward primer (5'—3") Reverse primer (5'—3") Gene Fragment length (bp)
K1F/M6R TSAAGTCSAACATCGGBCA CGCAGGTTSCSGTACCAGTA PKS-I 1200—1 400
A3F/ATR GCSTACSYSATSTACACSTCSGG SASGTCVCCSGTSCGGTAS NRPS 700
ARO-PKS-F/ARO-PKS-R GGCAGCGGITTCGGCGGITTCCAG CGITGTTIACIGCGTAGAACCAGGCG PKS-II 492-630
ANSA-F/ANSA-R CC(C/G)GC(G/C)TTCAC(C/G)TTCATCTC AI(G/C)(C/T)GGAICATIGCCATGTAG  ANSA 641
Foxy/Roxy CTGGTCGGCAACCTGATGGAC CAGGTACCGGATCAGCTCGTC oxyB 591
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AT AR AR T A2 B A 21 50 mL 1R &R Y & B 57
FeR T, 28 °C. 200 r/min FE KL SR 7 d. KB
25 mL IE T B4R A4 30 min, 4 000 r/min 2.0
10 min. 7325 B L Z MR, (e 28 & AUk
45, #Fe % 2 mL EP B, SJa ek TR R R HH 4R
Y, FREIRosR T i,
1.6 &ZEMABRMBIEE N

FKHUEAUR L, LR YRR A S DMSO
Vs A R B K 100 /LA VR, BRGE BN 2818 /K 7 R
% 100 mg/L T, 3E40H B 10 L.
I 30 SN B B A2 @, &= 10 mm WA 30 1%
PRI o
1.7 AEMRERMAIEFMENR

O TG PE MR ] SRB M 3R 2 4 %o
HepG?2 21 i Bk A4 300 5 3 1 B 40 i 25 15 7 . HepG2 41
MUEERNF 96 LAk, Bt MAFES(T), [FIE
AN % BE(C)FIAN 2 H6 B (To) o 0 245 i 6T BRI
A M F5FL A 30 pl 50% TCA [l 5E, 4 °C & 1 h )5,
FEMBEW, MWK K, HRETEM, A
FE U A S 6T RE RO A M Ak 2235 5% 48 h 5 F[]
o A BEF AL 0.4% SRB YL s iR T g

4 20 min, PR 1% BERRIARDE L YLkt =5
TG 200 uL/ALJIIA 10 mmol/L Tris-base, &
G IR 215 T 490 nm M %E OD B R¥E OD {Hit
BARKE, MR T=T), FRKFE=(T-T)/(C-T,)x100;
R T<Ty, A2 K FR=(T—T0)/ Tox 100, AR H A= 4 35 iy
TR IE PEORE, AR RKOREUMERT 30, WAL
S T R AR

2 GR5H5W
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PRUE 73 2575 B 14 02 B R b A 2 9 AR T R e A s
Az, o EsHEE IS MR GS . RIE L% 2,
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R N A TR o 22 HE S AL 14 8k, MR R A B
F 10 ¥k, g5 A254-A263; KRR 4 8K,
5 A274-A277, i 13 BRI T UG FRIE RIS 4 B
F), 6 R TWYE Br g 3L h B A5 /> B9 5, v] WL T g%
FRILS B N A TR RO T TWYE Bi 3,
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Table 2 Host plants and genera of the isolated strains

B4 FE AN B SRR [Tl fif LA

Strain No. Accession No. Isolation medium Genera Host plants
A254 HQ000024 TWYE. T & Streptomyces sp. Forsythia suspensa
A255 HQ000023 T ek Streptomyces sp. Forsythia suspensa
A256 HQO000025 TWYE Streptomyces sp. Forsythia suspensa
A257 HQ000026 TWYE. T & Streptomyces sp. Forsythia suspensa
A258 HQ000027 TWYE. T % Streptomyces sp. Forsythia suspensa
A259 HQ000028 Tk Streptomyces sp. Forsythia suspensa
A260 HQ000029 TWYE. T & Streptomyces sp. Forsythia suspensa
A261 HQ000030 T Streptomyces sp. Forsythia suspensa
A262 HQ000031 T2k Streptomyces sp. Forsythia suspensa
A263 HQ000032 TWYE. T & Streptomyces sp. Forsythia suspensa
A274 HQO000033 T 2k Streptomyces sp. Solanum torvum
A275 HQO000034 Tk Kribbella sp. Solanum torvum
A276 HQO000035 Tk Streptomyces sp. Solanum torvum
A277 HQO000036 T Streptomyces sp. Solanum torvum
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Sk . Bl LR CRENIIEN . RE
Bk A257. A261. A275 4k, Hiax 11 BRIEIKLI 2 AN [H]
P2 B9 06 M B B e, 5 B 78.6%.
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G Baib ARG SE T 14 BRI A,
X H AT 16S rRNA FE[H ) PCR ¥ 34 J il e, i
NCBI JFFIAHRIE X, B A275 J& T 5 B 0
i W 8 Kribella, H. 4 13 BB T 5 % W )8
Streptomyces . ASURI3 B SLG WoR, BERE RZIX 2 F

25 A AR AL 2L rp AR B R T

&l 1 2H FH MEGA4 82T 16S rRNA B P S
SIIFHN(Z) 610 bp) I A N-J REEK B
24 HYEHKHEEERER PCR IFiES

X 14 RN AE R BT 5 2429 6 i il
FER Y PCR iy, (45 1 AR M4 s E(PKS-T), dE
¥ B AR £ Bk & B E (NRPS), 11 %9 58 i & A i
(PKS-II), L ¥5dis: RCHERE 3,5-AHBA 5 i
rifK, WEIKISHUA: R G OCHERG PASO B fin 40 il 2k
oxyB . £ R I PTAE 25 B HE ) PCR i 2 25 S
%4 PR, HIKBER SRS R LK 2, GER BN, H
Bk A255 Fl A263 A 4 Fh &L, Btk A256.
A258 il A276 [A]Af H 45 PKS-I, NRPS, PKS-II %5 3
Fh &g, B E A275 BT oxyB M.
NRPS Fl PKS-IT 3L A H B0 R e i, A7 e T 12
RN 13 R
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Table 3 Antimicrobial and anti-tumor activities of metabolites from isolates

CEES P o]

S B A A ER A B A R

j[ilkﬁ?éﬁ% i, D Hﬂf%ﬁﬁﬂﬂ EEJ[% Pseudomonas Staphylococcus Staphylococcus ’ﬁ‘iﬁ%}@ﬁ%
Strain No. HepG2 Klebsiella pneumoniae b7 aureus e Bacillus subtilis
A254 + a — — — —
A255 + = = = = =
A256 ++ - - - - -
A257 - - - - - -
A258 + = = = = =
A259 ++ = = = = =
A260 ++ — — — — -+
A261 - - - - - -
A262 + - - - - -
A263 e+ ++ +++ - - -+
A274 ++++ = = = = =
A275 = = = = = =
A276 -+ — — — — —
A277 - o+ - - ot -
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A254 (HQ000024)

Streptomyces tendae ATCC 198127 (NR025871)
A256 (HQ000025)

A258 (HQ000027)

Streptomyces tricolor NBRC 154617 (AB184687)

13 | 84{r A260 (HQ000029)
72 Streptomyces humiferus NBRC 12244 (AB184687)
13 A277 (HQ000036)
Streptomyces variabilis NBRC 12825 (AB184884)
Streptomyces bottropensis ATCC 254357 (AB026217)
A274 (HQ000033)

100 © A276 (HQ000035)

A261 (HQ000030)

42_ 44 A262 (HQ000031)

99 | | Streptomyces recifensis NBRC 128137 (AB184165)

97 Streptomyces seoulensis NBRC 16668 (AB249970)
Streptomyces coelicolor DSM 40233" (FJ406074)

A263 (HQ000032)
100 Streptomyces endus NBRC 12859 (AB249959)
85~ Streptomyces javensis NBRC 1007777 (AB249940)

2555

98~ A255 (HQ000023)
Streptomyces drozdowiczii NRRL B-24297" (EF654097)

78 Streptomyces anulatus NBRC 13369" (AB184875)
100 [ Streptomyces flavovirens NBRC 3716 (AB184834)

531 A257 (HQ000026)
73
A259 (HQ000028)

Kribbella solani DSA1T (NR025734)
100 | — A275 (HQ000034)

66" Kribbella jejuensis HDIT (NR025735)
Escherichia coli U 5/41T7 (NR024570)

—
0.02

1 ET5HEE 16S rRNA EE S FIIHEE N-J REHELR
Fig.1  Neighbor-joining phylogenetic tree based on 16S rRNA gene partial sequences of isolates
E: 155 NP5 0 HIFS GenBank B35 15 ALK Bootstrap {H (%) 7R %] 1000 W REHLAE Y N-J AL PFA4 15 2 i A 0L 2 80m 2
Lo AR REUE F R SR Bk BURR M P 9 22 5 0 0.02, RV MR AL 2% B .

Note: Numbers in parentheses represented the sequences accession No. in GenBank. The numbers at the nodes indicated the bootstrap values
(%) represented the similar majority percentage based on 1000 repeated data sets of neighbour-joining analyses. The scale bar indicated se-

quence divergence was 0.02 per unit bar, which represented 2% substitutions per nucleotide position.
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Table 4 PCR screening of biosynthesis genes of the isolates
R G 5

Sirain No, PKSTNRPS - PKS-IL - ANSA  owB
A254 - + 4 - -
A255 + + + + =
A256 + + 4 - -
A257 - + + = -
A258 + 4 +* - -
A259 = + + - -
A260 - + 4+ +* -
A261 = + + - -
A262 - = + - -
A263 + + + 5 _
A274 +F - + & _
A275 - 4 - - +
A276 A 4 3 - -
A277 - + 4 - -

3 i

AWy ZZREVE B R BT R X, N A TR TR R 2
B xR, T A R 24 (A B TR 25
A U LA R ™ A= T 20 R R A i e L R
[ by DX AL, PN A R B 2 R DTSR
ARERARAKZES, Al fef 4 T PiH W e PN,
BEAMETESR A 25 HIAED B9 N BT Z A, Tk B AEZS
R 1 8 o HA B 0 R ARSI Y A AL R
B3ty PO N AR T N IX, wTRE T3 N AR 2
FEVERON B —, Iz o R A A -
BT IR R R A5 P2, PRI 7 8 Y ) il 2k v 5 i
KREARAZ o W o w6 e e h 25 (e
NRILFEZG ) ), HF 4RO b aE M, "
MR TTERT B . KIBAT B SRRAT I A BRI 4,
T2 T T IR RE . AWK R s s R (TP
AR ) ), Fm RGBS RTELE, A /N, &
ST S AR, 2R R T O ik
T EI IR . PURPUR TGRS W, T o Y
AR B HA UG R, 5 AR 0 25 B
F—2, AT A B A B PUR TS PR TR R, 40
PR PR, X AT RES KO A B B — E WA
e WRT RN, R N A R T T A A AT

M1 23456 7891011121314 M

2000 bp
Pl

M1 234567 8 91011121314 M

1500 bp
Ns

M123456 78 91011121314 M

— 1000 bp
— P2

M1 234567 891011121314 M

Ah
500 bp

M1 23456738 91011121314 M

B2 SEEHREYSHEEHR PCR IFEBEIKME
Fig. 2 Electrophoresis imaging of PCR screening for bio-
synthesis genes of isolated strains

7: M: Marker; 1-10: A254—A263; 11-14: A274—A277; P1: PKS-I;
Ns: NRPS; P2: PKS-II; Ah: 3,5-AHBA & i3 [H rifK; oB: oxyB.
Note: M: Marker; 1-10: A254—A263; 11-14: A274-A277; P1:
PKS-I; Ns: NRPS gene; P2: PKS-II; Ah: 3,5-AHBA sythatase gene
rifK; oB: oxyB.

TEZF0 2 A E AR, Blanfe st A RN 3 |
SESRPUWE | AR e N S A o ] RUEI,
AT R AR BA 7 A 5 1 25 AR AR LTS
BRAIRE ST, L2 n] R L 24 AR W) 09 24 00 e He A
AT R R
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PUIRE TG M2 R, 71%0 43 55 Bk B A 40 i 25
T, HrREE R A263 Fl A276 HUETEYEN R, B
HE— 2L T R IE AL A N . X 53 S TR AR 1Y
WA UG SE N 1Y PCR Ty 268, N AR itk 4
HAT P 2 b &g 1. bRk Z G
fitg (NRPS)F 11 74 SR i 75 il (PKCS-TT) Bk PRI 114 3 B A3 %
e, X 5GP IR B 03 VCECRE A 56
IEAh, NRPS £ 5k i R A ik, i 250
BIRRRE AR A OR, LTS NRPS FHMEH AT
e 2 B0 ) (L 3R B B RE . IR HUAE K 3,5-AHBA
GEFEEN rifk FOBEIRSHUAE R G EAOCH A oxyB
(0 BH M i 4 R AR, S5 HGIWT — MR A K,
[Fi) B 156 1 3¢ 194 288 B A 4 45 T AR 7 A A B 40 A 3R 9 )
AEE A K e, Rk A275 K WRAT(TH R T
JEIE T, BEIET B) B oxyB A A ME——FR N 4
MR, IF HARYE 16S rRNA FE 3 R 514347 I
JE R AT T T BLDL R T Kribbella, HEMIH T fE
P B RRR A IR Y T, AT DL — 2D g L
by 355 1 O R AR ARG S5 R, XA A LA
[ PCR 15 356 1] LAAT R0 Hiu %l B 1% S0 0 O o e e, 412
1o O e R, s T BE A G 1 P A B A LSRR A
A8 G0 8 T O 1% 1 D S A TR ey B

A N A TR — A W R R 0 JF R B4,
& BB P TS T LA MR R . BN AR
Bk R R R AEH 9 AE E EA PR AR PR
BUAHTR . UYL . PR S 2R b AR R R A AE )
TG HEY R Re T, WA A 518 R A R 45 4
RGeS . ABRE A SRR A Y, N A
28 B PP A A A K AR DR A v RE AR R
A B AE SO A A Y . kel W, BE
— I RN E TR, FEBEE R FE S
Y, VR AERB G . AR BE L A0 b i 24 M S
AT R
Bt AAFR X B AR AR ML & B 2 4 B AT R AR IR
P & b 6 ik 6 VB, A bR RS R AT R
EHEHERWNREE T LBR AT DB F R
PR ME . A ENKE.
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