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Taq Kit. Marker ; (1-
PCR 2)mm x (1 =2)mm ( 2000
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Waters 2690 HPLC
Supelco Ascentis C18 5 pm
25 ¢cm x4.6 mm o _80C .
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z ’ aters Q LB 0D,
& Q-TOF MS Premier 0.2 9 em LB 100 wL;
1.1.3 | o PDA
6 mm
1 30°C 1-2d; 28°C 3-5d,
Table 1 Nucleotide sequences of synthetic 1. 4
oligonucleotide primers DNA
Primer Sequence (5°— 37) Size/ bp ) ) 6
16S rRNA Forward primer GAGAGTTTGATCCTGGCTCAG 21 Tobias Kieser - 16S rRNA
16S rRNA Reverse primer CTACGGCTACCTTGTTACGA 20 95°C, 3 min ;95 C 30s 55°C 40 s 72<C
FNQ 6 Forward primer- TCANCTACGTYTCGTGCACC 20 90 s 30 ;720(: 10 min .
FNQ 6 Reverse primer TGGAAGTGGAAGCCGGTGT 19
FNQ 21 Forward primer2 GTGSCCACGANCTTCGG 17 TA
FNQ 21 Reverse primer-2 CACRGGGTWGCGTTTGTG 18 16S rRNA EzTaxon server 2.1 Chtip://

Note: 16s rRNA primer was designed according to actinomyces

systematology "

FNQ 6 primer and FNQ 2Iprimer was designed
according to gene RppA3 ( polyketide synthase Type Il ) and
carboxymuconate cycloisomerase gene by using primer premier 5. 0.

1.1.4 :©
(Staphylococcus aureusN315) .

(Pseudomonas. Aeruginosa)
e ( Bacillus
subtilis) E)
( Gibberellasaubinetii )

(Rhizoctoniasolani Kiihn) ( Fusarium.

147.47.212.35:8080/)

1.5 16S rRNA

v MEGA4

Saitou

NeighborJoining

1.6 PCR

18
Yvonne Haagen
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fnq6fnq21 TLC.
DNA PCR HPLC (
- 0 =80:20 (V/V) 2 mL/min)
95C 3 min; 95%C 30 s 59C 30 s 72°C 90 s 30
;72°C 10 mino TA

19 -20

o

1.7

MS 28C 6 d
2.1

100

61 66 .
(15mL/  ); TLC 1 : 66

48 87 Streptomyces sp. HTZ37/7/22/17/39/20/21/38/40/43/32/9/23/26/19/53
624 Streptomyces sp.HTZ42
Streptomyces sp.HTZ16

0.01

43

43

Streptomyces sp.HTZ41
Streptomyces sp. HTZ18/15/31/8

Streptomyces longwoodensis (ioslated from soil)

Streptomyces pseudovenezuelae

Streptomyces novaecaesarede (ioslated from soil)
Streptomyces galilaeus

624 Streptomyces caeruleatus (ioslated from soil)
Streptomyces sp. GIMN4.002

Streptomyces neopeptinius

47 Streptomyces phaeoluteigrisens

[ Streptomyces kunmingensis (ioslated from soil)
37— Streptomyces sp. HTZ14/54
23 [ Sireptomyces albolongus (ioslated from air)
g3b— Streptomyces cavourensis
—Mi Streptomyces sp. HTZ6/30/29/5
Streptomyces sp.HTZ11 (ioslated from soil)
78 Streptomyces zaomyceticus

624 Streptomyces omiyaensis
99 Streptomyces sp. HTZ2/4/1/10/3/28
68 Streptomyces scopuliridis

54 Streptomyces gelaticus

Streptomyces sp. HTZ12/13

Streptomyces celluloflavus (ioslated from soil)
89 Streptomyces sp. HTZ46/48/62/50/52/44

14 26 Streptomyces sp.HTZ47

25 Streptomyces sp.HTZ45

i

67 33 Streptomycesh silaceus

6l 61 Streptomyces sp.HTZ36
Streptomyces sp.HTZ27
Streptomyces sp.HTZ49 (ioslated from soil)

76 —— Streptomyces hyderabadensis

Streptomyces sp.HTZ69

56 . .
E— Streptomyces olivaceus (ioslated from soil)

71 Streptomyces pactum (ioslated from soil)
74 Streptomyces sp. HTZ72/73/68/70/65/66/25/63/57/64
74 Streptomyces sp. HTZ71/67/58/61

74 g, itasatosporia (ioslated from soil)

1 16S rRNA
Fig. 1 Phylogenetic tree showing the relationship among reference strains and experimental strains based on 16S rRNA gene sequence. Bar:

1% sequence divergence. The numbers at the nodes indicate the bootstrap values based on N - J analysis of 1000 resampled data sets.
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Table 2 Statistics of antimicrobial activity of endophyte

actinomycetes isolated from Trewia nudiflora seeds

Genus A B C D E F
Streptomyces (66 strains) 27 35 40 28 12 10
Bacillus(2 strains) 1 - 2 1 1 1
unknown* (5 strains) - - 1 1 -

* Cloning of the 16S rRNA gene of these five strains were failed. A.

StaphyloccocusaureusRosenbach. N315; B. Pseudomonas. Aeruginosa: C. 2 (FNQ6.FNQ21)
Bacillus  subtilis 800: D. RhizoctoniasolaniKiihn; E.  Fusarium.
moniliforme Sheld: F. Gibberellasaubinetii. PCR
2.3 Fig. 2 Screening for endophyte with Furanonaphthoquinone
’ biosynthesis key genes (FNQ 6 FNQ21) by PCR. A: PCR
66 products with FNQ 6 primer; B: PCR products with FNQ21 primer;
° FNQ6 M 1 to 12: the genomic DNA of S. sp. HTZ16 -S. sp. HTZ27 used as
18 DNA PCR template respectively; M13 — 24: genomic DNA of S. sp.
FNQ21 S sp HTZ27 HTZ28 -S. sp. HTZ39 used as PCR template respectively; Marker:
100 bp plus DNA Marker.
DNA PCR b
2,
2.4 S. sp. HTZ27 .
N HPLC
S. sp. HTZ27 NMR
S. sp. HTZ42 S. sp. HTZ27
TLC MS 3 NMR 3,
100+ 763.3449
= 1 764.3517
393.1663
765.3567
2742740 3711853 [394.1721
318.2998 437.1945 793.3601
795.3481
100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 525 550 570 600 625 650 675 700 725 750 775 800 825 850 875 900 925

m/z

3

Fig.3 the Mass spectra of candidate compound.
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3 NMR (
Table 3 NMR data of the candidate compound ) ( ) 21-23
Atom 3H dc Atom 3H dc 11
4.86 q 1.76 m °
. 37.
7=6.5 88. 1d 10 198 m 7.7t
1.81 m ( 2)
3 / 46.9 s 11 202 m 23.7t
3a / 128. 0s 12 5.32 m 123.8d X
12 24-25
4 161.2 s 13 / 132.0 s
4a 109.5 s 14 1.53 s 17.6q
5 184.2 s 15 1.64 s 25.7q
1.44 d
134.1 s 2-M 15.4
6 s e 1-6.5 5.4q .
7 157.0 s 3-Me 1.27s 19. 6q ?
8 181.4 s 6-Me 2.08 s 9.4q
8a 133.2 s 7-OMe 3.98 s 60.7q
9 7.30s 109.4 d 4-OH 7.26 s /
9a 157.5 s
Data were recorded in CDCl, J in Hz 1 H at 400 MHz “C at
100 MHz.
MS NMR
I (FNQ I) 4, 26 -28

Fig.4 the chemical structure of the isolated compound.

3 ' Yvonne Haagen 2006
FNQI ' 111
(RppA FNQ6) .
200 4000 (FNQ21)
66 5 FNQ6 18 DNA
FNQ21 Streptomyces. sp. HTZ27
. 16S rRNA DNA FNQ6
( 1)
FNQ21 ( )
’ . 5L .
o FNQ 1 24.8mg(
Smg/L) S. cinnamonensis
16S rRNA o

. FNQ I »
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detection and prevention

Chemical-genetics based screening for furanonaphthoquinone
producing endophytic actinomycetes from seeds of Trewia
nudiflora

Fang Li" Yanyan Li Maolong Wei Yong Cao

Shuangjun Lin Linquan Bai

Qianjin Kang Xiaoling Yao

. %
Wei Ma
State Key Laboratory of Microbial Metabolism College of Life Sciences & Biotechnology Shanghai Jiaotong University
Shanghai 200240 China

Zixin Deng

Abstract: Objetive

The seeds of Trewia nudiflora containing maytansine (an anticancer agent) was investigated to
explore the endophytic actinomycetes diversity and screen for naphthoquinones producing strain. Methods The seeds of
Trewia nudiflora were sliced and plated on different selective media after surface sterilization. Clones that looked like
and classified according to the 16S rRNA sequences. Isolated strains were screened for

by PCR

actinomycetes were selected

and tested for antibacterial and antifungal activity using

LC-MS and

furanonaphthoquinone biosynthesis gene
Rhizoctoniasolani and Gibberellasaubinetii.

Results

Staphyloccocusaureus  Pseudomon-asaeruginosa  Bacillus subtilis

NMR were used to determine the structure of candidate compounds. More than 100 endophytic bacteria were
isolated. Among them 66 were streptomycetes. FNQ6 ( polyketide synthase Type TIT) and FNQ21 ( carboxymuconate
cycloisomerase) were only detected in Sireptomyces sp. HTZ 27. We got 5 mg pure furanonaphthoquinone (FNQI) from 1
liter Streptomyces sp. HTZ 27 agar fermentation medium. Conclusion The use of chemical-genetics method increased
the efficiency of screening for target compound producing bacteria.

furanonaphthoquinone T (FNQ T) chemical genetics
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