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HEMAFA, BTESEBG T XKEATLAR. [LR] AEAHK NEAU-A2 ¥ B LT T 2 /M 16d
ek ZRAA (1, 2)F= 5 A Cudefbad N- LBk €. 1(3). 4-((2-(1H-Indol-3-YI)Ethyl) Amino)-4-Oxobutanoic
Acid (4). Brevianamide F (5). 4S,7R-Germacra-1(10)E,5E-Diene-11-Ol (6). 1H-wte&-2-3 B (7). #46F
BAIEIR 2 RIP T RIF AR R LA, PCR 4414 R E T PKS-NRPS AR #URS + 8. [£4#4£]1 M
A KA L. rhizosphaerae NEAU-A2 55 552 i 7 Mebdh, RS T ZH 698 RIE R 4.
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actinobacteria, and genomic analysis shows that it contains a variety of biosynthetic gene clusters with the
potential to generate multiple natural products. [Objective] Study on the secondary metabolites in
L. rhizosphaerae NEAU-A2 to discover compounds with novel structures or unique biological activities,
and further establish the genetic system of the strain. [Methods] The secondary metabolites were isolated
and purified by using silica gel column chromatography, high performance liquid chromatography and
other methods. The structures of compounds were elucidated by analysis of NMR and MS data. The
mutant cosmid with the disruption of the gene 1609 (a PKS-NRPS hybrid gene) was constructed using
PCR-targeting method. Intergeneric conjugation was conducted for plasmid the transformation into wild
type strain. [Results] Two new dimeric indole alkaloids (1-2), along with five known compounds,
N-acetyltryptamine (3), 4-((2-(1H-indol-3-yl)ethyl)amino)-4-oxobutanoic acid (4), brevianamide F (5),
4S,7R-germacra-1(10)E,5E-diene-11-ol (6), 1H-pyrrole-2-carboxylic acid (7), were isolated and identified
from the fermentation broth of L. rhizosphaerae NEAU-A2. The double crossover recombinant strains
were obtained after culturing two generations, and further verified by polymerase chain reaction (PCR).
[Conclusion] Seven compounds were isolated and identified from strain NEAU-A2, and the genetic
system of this novel rare actinobacteria L. rhizosphaerae NEAU-A2 was successfully established.

Keywords: Lechevalieria rhizosphaerae NEAU-A2, secondary metabolites, isolation and identification,

PCR-targeting, conjugation
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T T A UR SARC I 7 0 1) A 2 85 4 AR A= 40 3 P o
TR T 204 @, HLHiE T 341 MR, b
B MR B 0 16%8, gl gt
MAERIL, A 2006 4F 1 H & 2018 4F 6 A 7Efilith 1
e MY MRS VDU SRR A AT T
LW Py B R 515 DRI Y, PRI . T
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Figure 1  Structure of compounds (1-7) isolated from L. rhizosphaerae NEAU-A2

T *: HbaY

Note: *: New compounds

PKS-NRPS Z4 & JL[H 1609 4 HWHLH, R
PCR-Targeting $ R BHI S HR 1O 706, LIEE
NIRRT L. rhizosphaerae NEAU-A2 i igtfs
BRI R, o 0030 Ao e PR A2 9 55 T B IR Z B
R TG MR AR 7 ) 557 JE A

1 MRS
11w
111 EFHFE

ISP3 [Fl{AkE 3R H(g/L): e 20.0 g 23 30 min,
4 Z20A0 5 ik BUIE W, MgSO,7H,0 0.2,
K,HPO,3H,0 0.5, KNO; 0.5, Zifg# 20.0,
pH 7.0,

FhiF3ER 5k TSB 1G9 30.0 g/L; Hisr
(9/L): KREHEAM 3.0, BEAMK 17.0, #4H
2.5, NaCl 5.0, K,HPO,3H,02.5, pH7.3.

RWEEFRH (/L) : FFFDERD 20.0, PEREHRER
Y1 5.0, #i%iPE 10.0, EKFEH 30.0, MgSO,-7H,0
1.0, ZZFHPkS 20.0, CaC0;2.0, pH 7.2,

LB 15 Jk(g/L) : A F1 /1 10.0, BRI 5.0,
NaCl 10.0, Btk (AR FREA) 20.0, pH 7.0,

2xYT iR (g/L): JREE IR 16.0, FEEEFRIT
%7 10.0, NaCl 5.0, pH 7.0,
112 FZERFIFNEE

WF5E Br B T TaKaRa 23 @5 NEB 2\ ],
A 32550 A Ly 43 B 2 ) (R v R Ak i 7
I AR AEYRHCA R A A) . EEILRSE .
PCR 1%, Bio-Rad A w]; BEMHUR BT, FEMIH
AL A IRA A AL IRI(TMS 1E N
br), A st BH A BR A\ 5 Agilent UPLC/Q-Tof
W A, ZHERRHEARRA A W2 Ik REIE
BRI 200-300 HA:EIGRERE, SR AR
7] ; Sephadex LH-20, AIRTECH =¥k 2500 8 7l 5
FRBORAHETEAL, H (P E)ABRA R YMC-Triat
C18 B AH (71541 (250 mmx10 mm), YMC A,
1.1.3 E#. FRAF034

SCHR TR TRL AR 1, BTG 193k 2,
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Table 1 Strains and plasmids

Strains/Plasmids Genotype/Description References/Source
L. rhizosphaerae NEAU-A2 This study
ET12567/pUZ8002 recE, decm™, dam™, hsdS, Cm", Tet", Str’, Km" [7-8]
BW25113/plJ790 J-RED (gam, bet, exo), cat, araC, rep101® [7-8]
E. coli DH5a/plJ773 aac(3) IV, oriT [7-8]
pSuperCos | Kan", used for construction of gene knockout cosmoid Stratagene
XL1-Blue Construction of gene library Agilent

*2 S5I¥ER

Table 2 PCR primers
Primers name  Primers sequence (5'—3') Purpose
1609-F GCGTAGACACCGATCACTTCCTGC Screening
1609-R CCGCGTCACGTCGATCTACCAG cosmid library
A1609-F CTCCTGAAAACCCCGACGCACCACGGAGGACTACCAGTGATTCCGGGGATCCGTCGACC Inframe deletion
A1609-R GTACAGGTCCTCGATGTTCTTCGCCATCACTGCCTCTCATGTAGCTGGAGCTGCTTC
1609-check-F TGAAAACCCCGACGCACCAC Genotype
1609-check-R  TGTTCTTCGCCATCACTGCC verification

12 &%
121 FERESF

% 6 Al IR AL 1ISP2, ISP3. ISP4. ISP5,
ISP6., ISP7PL, A3z 108 AN H- b AT HP R A7
17, 30 °C 5537 4-6 d J5 WLELHL 7 A 1 10
122 BEMMEFRSAE

4 ISP3 F-Al FTEAL AT B Rk NEAU-A2 2 F
) 20 HBeAT 50 mL FpF-i& ) 250 mL =i,
BT 30 °C. 220 r/min $EK LR FE 36 h FFh+
W% 10% (KRB E0Z &R 60 HEA
250 mL EEER M 1L L —MAMt, BF
30 °C. 220 r/min #&JK 4535 7 d.
123 RERHFFYHRRES S

L. rhizosphaerae NEAU-A2 7 & Bk 323k h 5%
% 7d JF 3 ER 15 L R, T 4 000 r/min ¥4
BT L 20 min 433 AR FIE R T IE RO K
TR B8 CBEHEL 3 IR, LR T8 A5 BURR ok 1 ¥k 4
JEi 15 10.0 g VHPHRMLEZ W) 4 T BRORL B2 4 28 E AR kA
HE e, Tk A, Al -2 R OB
(10:0. 10:2, 10:10. 0:10, {AFHL)PENLS, FH
PR M- A B (10:1. 10:5. 0:10, fAFH

FOVEME, TLC 5537152 4 DH 3 (Frs. A-D).
Frs. A B il £ = B0 OHE 0 15 0 &5 153k 54 6
(36.8 min, 10 mg), JrikHk: 0-23.0 min, 50%<Z
E-7K; 23.1-38.0 min, 70%ZiE-7/K. Frs.B Et(f
k- 2R 8 10:2, ARFR L) 0l A S A0 AH £
il s 5% 7 (14.0 min, 8 mg), Tk 15%
CNE-IKEEFEWIE . Frs.D Bo(Z R CBE:-H %, 10:1,
TRFREL) 3 B (3% Sephadex LH-20, HIFEERET,

TLC. HPLC 4r#r)e, 155 2 414 (Frs.D1 FI
Frs.D2). Frs.D2 Bt Y-l 2% i S0RH ik il 2515
#| 3 N4 Frs.D2.1-D2.3, Fi%H: 0-12.0 min,
25% 2 JiE - /K ; 12.1-41.0 min, 29% Z Ji§ - K ;

41.1-45.0 min, 100%Z.JiE-7K ; 45.1-49.0 min, 25%
ZIE-K, &4 13.0 min RS Frs.D2.1, &

20.0 min 74315 Frs.D2.2, &4 26.0 min i3 43
% Frs.D2.3, Frs.D2.1 B & v S0BkE (a3 i)
&, ik k . 35%H K EREVENL, kA 5
(1.0 mg). Frs.D2.2 Bt -1l % e A0 AH 335 1l 4%
TR 2% G -/K 5 BEVEARE5 9 3 (2.5 mg)
14 (1.0 mg), Frs.D2.3 B 145 i S0 HH a3
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T RAAREELA Y 1 (10.0 mg)Fl 2 (5.0 mg), 7
oM 50% FH K S5 PR
1.24 EZRHEIEEN

FEREA 1SP3 15 575 v 43 HITAS IS [R) e B /) -
W% (5. 50, 75, 100 pg/mL). BiE2 %
(25. 50. 75. 100 pg/mL). WifE£2E % (25, 50.
75 pg/mL). 17 % (50, 75, 100, 200 pg/mL).
A EMERE(25, 50, 75, 100 pg/mL), RJE
B L. rhizosphaerae NEAU-A2 #1545 T
AR E, 30°C 1535 4-6d, WEA KB
1.25 ERACELERIFE

B e B B T M0 bR oM R AR, R
L. rhizosphaerae NEAU-A2 LR 4, #kJ5 H
Mbo | BfFEI 4038 [F1 0 30-42 kb K/ DNA Bk,
LRI ER OIS, SR AR AT pSuperCos |
AR BUE RN RIEY) MaxPlax Lambda
Packaging Extracts fleiEHe= W), %ALEIRAIT
XL1-Blue @+, BEHLPEER 2 000 4~ HLoafe, ff
17 F-80 °C.

£ %) PKS-NRPS Z%4 FE K (1609) 15 11— X
SEPESI¥r, M L. rhizosphaerae NEAU-A2 f4 LA
SCEE RS A 1609 LR 41 ) Cosmid.,
1.2.6 #|F PCR-Targeting #7 R+ E A B kL

e, MG 1609 17513 Xt LA
Wrs1 ¥ (% 2, A1609-F FIAL1609-R). 5IHKJE N
59 bp, 5% 39 bp 4355 B A F S [FE, Mg
4% 3135 20 bp [ 415 pld773 B Apr Hi k5L R w6 il i
HIFHVCEL . JFRL plJ773 45 EcoR | A1 Hind 111 3
YIJa, Bk 1.4 kb 7 BefE AR, LIA1609-F Fil
A1609-R H51¥1, Fi DNA RA&HEEFT PCR Y115
#)2y 1.4 kb 1) aac(3) /I+oriT Fr B, Suklalmy, K
T PKS-NRPS A& AL A#%) S4H1-cosmid
ALK IBFTE BW25113/plJ790, HtZy 100 ng (4
aac(3)/l+ori T fBt, Hilif%{k BW25113/plJ790/
S4H1-cosmid J&AZ AL, 7E LB+Apr+Kan Hii k- F
M b PR AL, NP HREUTORL, b E
S Apr Btk B S4H1-cosmid, W H A4 K

S4H1-A1609-cosmid , %%k K B #F 1 ET12567/
pUZ8002 J&&z A4 il .
127 BEEE®R

¥ ET12567/pUZ8002/S4H1-A1609-cosmid 2
F 5 mL LB ¥ 573+ (Kan, Chl, Apr), 37 °C,
220 r/min $EIK F¥EFRR . K H i 1:100 4 /0T
5mL LBRiFE I (Kan, Chl, Apr), 37 °CHiFH K
2] 4 h 2 ODgyo 7 0.4, 4000 r/min .0 5 min 4
WA, HICHUAER MR LB IR e 21k, &
£F 500 puL TCHUA R MW LB K3t h i A .

I 4E L. rhizosphaerae NEAU-A2 TE[#{4 ISP3
WAL B IR RA 4 d b, FJCHKEE T
filFiER 2 50 mL LT, IRGIRSE, H
Wi NEAR I IR AE TR B0, 3 500 r/min B0
10 min, 2 FWEJEMA 500 mL f) 2xYT 538342
B2IR5), 50 °C ol 5. 8. 10 min, ZrHrikii
I AR RS R . BEIE=IRSG, 30 °C 4
BRE 0, 0.5, 1. 2 h, RITHFWag A& i} a)x}
A R BRI .

43 S 500 pL B KT ET12567/pUZ8002/
S4H1-A1609-cosmid & & A1 500 pL 147 IRIRE
A1, BRI R4 10 mmol/L MgCl, ) 1ISP3 -
B b, T 30°C 5555 16-18 h, % 25 uL Apr (fi%
FEMRRE 50 mg/mL)F1 30 pb = HT 4% 2 s g (%17
e 50 mg/mL)[Y 1 mL JC K 508 55 i, %
TS T 30 °C 5535 3-5 d. KK I BH MR 74
TESA Apr Ve A M AT A = R 2 IE)
(1) 1SP3 [EI{AF-Hr [ 4kZLI% 5% 3-56 do R
T8 J5 HEA T B USE B 0 e o Pk BB 1] % [ B e b
HEA Apr JrtERIERT &4 Apr #1 Kan BTtk F-
M b, 30 °C KiF: 3-5 d. R HAELESH Apr it
PERFAR FAERKTTASRETE R & A Apr Fil Kan it
EREIR o T e = N L A G ks SN v S I U 2
FEAAF AL T TR VE . FHXT R B ES | (% 2,
1609-check-F/1609-check-R)ifli 3 PCR %% XU AZ i
DARR BRI A, 30 U T 4 J 75 380 X671 5 DA 7 o o 2

AR
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2 HRE4W
21 LEMEMETE

k&Y 1, ®WakAR, @i a9
HRESIMS (Found 414.180 2 [M+Na]", Calcd 414.178 8)
B Hoar 38 CasHasNsOs, AMFIE N 13,
'H-NMR i 88 (3 3) &4 1 MR HILES . oy
1.60 (s, 3H); MK 9 MFHHEFES, BRT
— AN Y55 5. 7.54 (1H, d, J=8.0 Hz, H-4"),
7.31 (1H, d, J=8.1 Hz, H-7'), 6.94 (1H, m, H-5),
7.04 (1H, ddd, J=8.0, 7.2, 1.0 Hz, H-6'), 7.43 (1H,
s, H-2")F1—"> 1,2 A U I 2R 305 5 [0n 7.48 (1H,
d, J=7.8 Hz, H-4), 7.29 (1H, d, J=8.0 Hz, H-7),

7.01 (1H, ddd, J=8.1, 7.0, 1.1 Hz, H-6), 6.94 (1H,
m, H-5)]. °C NMR i $ds R 645 23 M, U
16 NS EWES, IR T RAHMES, T
RE N5V — SR AW AT 40407 °C NMR Fll HSQC
1, 23 ANBRAE 523 B h 9 4 sp® Ze Ak b Uk FR RSB (O
111.8. 112.2, 119.0, 119.6. 119.7, 119.8. 121.8,
122.3,124.4), 7 4> sp® 244k (205 (0 108.8,114.6,
129.0. 129.4. 137.3, 137.7. 138.2), 1 MILhk
(6c 173.3), 3 1 sp® ZALBE F LR (6c 25.3 ., 41.3,
65.9), 2 4~ sp® Z+fk itk i LRk (0 37.9. 76.1),

1 AW R (6c 22.4). DL LBl Sk &W
3-(3-(2-Hydroxyethyl)-1H-Indol-2-Y1)-3-(1H-Indol-3-
Y1) Propane-1,2-Diol FIR A5 B T ARMIAER,

x3 L& 1%02H H (600 MHz)#1 *C (150 MHz) NMR #%# #(#& (MeOD)

Table3 'H (600 MHz) and **C (150 MHz) NMR data of compounds 1 and 2 (MeOD)
No. 2 1
OH oc OH dc
137.4 137.3
110.0 108.8
3a 129.2 129.4
4 7.48 (d, J=7.8 Hz, 1H) 118.8 7.48 (d, J=7.8 Hz, 1H) 119.0
6.96 (m, 1H) 119.5 6.94 (m, 1H) 119.7
6 7.03 (m, 1H) 121.8 7.01 (ddd, J=8.1, 7.0, 1.1 Hz, 1H) 121.8
7 7.32 (overlapped) 111.8 7.29 (d, J=8.0 Hz, 1H) 111.8
Ta 137.4 137.7
3.0 (t, J=7.0 Hz, 2H) 25.1 3.03 (m, 2H) 25.3
3.38 (m, 2H) 41.4 3.38 (m, 2H) 41.4
10 173.4 173.3
1 1.60 (s, 3H) 223 1.68 (s, 3H) 22.4
2 7.23 (s, 1H) 124.1 7.43 (s, 1H) 124.4
3 116.3 114.6
3a 128.0 129.0
4 7.61 (d, J=8.0 Hz, 1H) 119.4 7.54 (d, J=8.0 Hz, 1H) 119.6
5/ 7.00 (m, 1H) 119.9 6.94 (m, 1H) 119.8
6’ 7.07 (m, 1H) 1225 7.04 (ddd, J=8.0, 7.2, 1.0 Hz, 1H) 122.3
7 7.32 (overlapped) 112.3 7.31 (d, J=8.1 Hz, 1H) 112.2
7a 137.9 138.2
8 4.75 (d, J=5.9 Hz, 1H) 37.4 4.77 (d, 3=6.3 Hz, 1H) 37.9
9’ 4.46 (m, 1H) 75.5 4.39 (td, J=6.5, 4.2 Hz, 1H) 76.1
10’ 3.50 (dd, J=11.0, 6.7 Hz, 1H) 66.1 3.43 (dd, J=11.1, 6.7 Hz, 1H) 65.9

3.54 (dd, J=11.0, 5.0 Hz, 1H)

3.59 (dd, J=11.1, 4.2 Hz, 1H)
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O3 4ERRE R , TH-"H COSY Hl HSQC
BRT A MG RFE(E 2), 241, 2 (MEACHIF
¥ (C4-C5-C6-C7, C-4'-C-5'-C-6'-C-7"), 141,
2 N E AL B TN 4% (C-8'-C-9'-C-10") il — > 2 K
%(C-8-C-9) MR HMBC 3% H-8 5 C-2/C-3/C-3a
2, H-9 5 C-10/C-3 #i>&, H-11 5 C-10 #H¢
(# 2), FIHIZHMEE & HEAEBIEERE C-3 L, &
Tk Jie 53 14 C-9 fii ., H-8"5 C-3'/C-2'/C-3'a, H-2’
5 C-8'/C-9'f£7E HMBC LA 5%, Al LIKE 1.
2 {5 W AR AR Y TR S Sl 3k -3 556 2 45| R B
HEE ., FT HMBC i H-8'5 C-2/C-3 By FEAH
K, WA 2 DI E ST C-8 i AHE, I,
W TR 1 BT IRISs I .

il SEHENILEY 3-(3-(2-Hydroxyethyl)-
1H-Indol-2-Y1)-3-(1H-Indol-3-Y1)Propane-1,2-Diol***!
() CD & thAs, RMAEY 1 #E 210 nm F1 228 nm
AbF FHTR Y Cotton RN (K 2), Bk, #Efb &9
1K) C-8'" Xt RNy S,

& 2, EEKMK, e P
HRESIMS (Found 414.179 5 [M+Na]*, Calcd 414.178 8)
12 Ho 31308 CasHasN3Os, AHFIE N 13, 1k
Y2 S5eaY 1 AR ST, 'HNMR Al
3C NMR ¥ $ii /R 1 8 i — 2k (3% 3). 4
b5 2 # 'H-"H COSY . HSQC. HMBC %
AT T, REUEAEY 2 S5ik6W 1 BAHR

A Q(O B
N —
g
£
I ¢ g
H(( OH £
o
AN B
3
N =
@]

== 'H-'H COSY »~~ ™~ HMBC

2 hEY 1M HBXES(A)F CD i (B)

PSR . A, G 2 1 CD IE7E 211 nm il
228 nm /R T 5169 1AL Cotton %0 (K] 3).
Ktt, fea9 2 i C-8'1i iy 4a X F U 2 R

1A 3: 43§ C1oHN,0; 'H NMR (400 MHz,
MeOD) oy, 7.54 (1H, d, J=7.9 Hz, H-4), 7.32 (1H,
d, J=8.1 Hz, H-7), 7.07 (2H, m, H-2, 6), 6.99 (1H,
t, J=7.4 Hz, H-5), 3.46 (2H, t, J=7.3 Hz, H-9),
2.93 (2H, t, J=7.3 Hz, H-8), 1.91 (3H, s, H-12),
DL 5 Sk 1248 — 80, R gidE e N-
Lt ENE(3).

A 443 F3 CraH1sN,055 *H NMR (400 MHz,
CDCls) 64 7.56 (1H, d, J=7.8 Hz, H-4), 7.32 (1H,
d, J=8.1Hz, H-7), 7.07 (1H, t, J=7.2 Hz, H-6),
7.07 (1H, Overlapped, H-2), 6.99 (1H, t, J=7.3 Hz,
H-5), 3.47 (2H, t, J=7.3 Hz, H-9), 2.93 (2H, dd,
J=14.8, 7.6 Hz, H-8), 2.57 (2H, t, J=6.8 Hz, H-13),
2.44 (2H, t, J=6.9 Hz, H-12); *C NMR (150 MHz,
MeOD) d¢ 176.3(C, C-14), 1745 (C, C-11), 138.2
(C, C-7a), 128.8 (C, C-3a), 123.4 (CH, C-2), 122.3
(CH, C-6), 119.6 (CH, C-5), 119.3 (CH, C-4),
113.3 (C, C-3), 112.2 (CH, C-7), 415 (CH,, C-9),
31.6 (CH,, C-12), 30.3 (CH,, C-13), 26.3 (CH,,
C-8). VU FHds 5 SCRR[1RIE—EL, Htuideh
4-((2-(1H-Indol-3-YI)Ethyl)Amino)-4-Oxobutanoic
Acid (4).

200

300 350 400 450
Wavelength (nm)

250

Figure 2 Key 2D NMR correlations (A) and CD (B) of compound 1
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Circular dichroism (mdeg)

= 'H-'HCOSY ,~~ ™~ HMBC

B3 k&Y 2 i 4BX{5S(A)F0 CD i%(B)

150 -

100

50 +

250 300 ‘ 350 400 450
Wavelength (nm)

Figure 3 Key 2D NMR correlations (A) and CD (B) of compound 2

&Y 5: HEMA; TR CeHizN30z; H
NMR (400 MHz, MeOD) 6, 7.58 (1H, d, J=7.9 Hz,
H-4), 7.33 (1H, d, J=8.1 Hz, H-7), 7.10 (2H,
Overlapped, H-2, 6), 7.01 (1H, t, J=7.2 Hz, H-5),
4.42 (1H,t,J=4.2 Hz, H-9), 4.00 (1H, ddd, J=10.5,
6.2, 1.1 Hz, H-12), 3.47 (1H, dt, J=11.7, 8.2 Hz,
H-15a), 3.27 (2H, m, H-8) 3.26 (1H, m, H-15b),
1.99 (1H, m, H-17a), 1.69 (1H, m, H-16b) 1.48 (1H,
m, H-16a), 0.96 (1H, ddd, J=22.8, 10.9, 8.5 Hz,
H-17b); **C NMR (150 MHz, MeOD) é¢ 170.8 (C,
C-13), 167.5 (C, C-10), 138.0 (C, C-7a), 128.7 (C,
C-3a), 125.6 (CH, C-2), 122.6 (CH, C-6), 120.0 (CH,
C-5), 119.8 (CH, C-4), 112.3 (CH, C-7), 109.6 (C,
C-3), 60.1 (CH, C-12), 57.3 (CH, C-9), 46.0 (CH,,
C-15), 29.2 (CH,, C-17), 29.2 (CH,, C-8), 22.6
(CHa, C-16). VA %4 5 Sk [14]4iE — 3,
I #% % A Brevianamide F (5).

& 6: 43 T2 CisH0; *H NMR (400 MHz,
CDCls) 64 5.62 (1H, dd, J=16.0, 3.2 Hz, H-5),
5.00 (1H, d, J=11.4 Hz, H-1), 4.93 (1H, dd, J=16.0,
9.9 Hz, H-6), 2.39 (2H, m, H-4, 2b), 2.21 (3H,
m, H-7, H-9), 1.87 (1H, d, J=13.9 Hz, H-2a),
1.67 (1H, m , H-3a), 1.51 (3H, s, H-14), 1.45 (1H,
m, H-3b), 1.24 (2H, m, H-8), 1.07 (3H, d, J=6.9 Hz,

H-15), 1.04 (3H, s, H-12), 1.12 (3H, s, H-13);
3¢ NMR (150 MHz, CDCls) 6c 143.0 (CH, C-5),
131.2 (C, C-10), 130.6 (CH, C-1), 123.8 (CH,
C-6), 72.0 (C, C-11), 58.9 (CH, C-7), 41.4 (CH,,
C-9), 33.9 (CH, C-4), 32.9 (CH,, C-3), 26.7 (CHs,
C-13), 26.5 (CH3, C-12), 23.8 (CH,, C-8), 22.0
(CHy, C-2), 16.8 (CH;, C-14), 14.8 (CH;, C-15).
DL B0 5 Sk [15] 408 — 2, L% e N 48,
7R-Germacra-1(10)E,5E-Diene-11-0l (6).

& T: 43 FL CsHsNO,; *H NMR (400 MHz,
MeOD) 6y 6.94 (1H, brs, H-5), 6.85 (1H, dd,
J=36, 1.2 Hz, H-3), 6.18 (1H, m, H-4); *C NMR
(100 MHz, MeOD) oéc 163.3 (C, C-6), 122.9
(CH, C-5), 122.7 (C, C-2), 115.1 (CH, C-3),
109.2 (CH, C-4). VL FEdE5CHk[16]HiE—3K,
IR 8 5 S AH-RE I -2- 3R T2 (7)

22 FrmIEFFEREE

LA e B8 1 3R LT ) B A TR A A
TRTR A A KT R o AR T A A A 5 2 1 6 A 3% 5
K (ISP2 . ISP3. ISP4. ISP5. ISP6. ISP7)BI X%}
L. rhizosphaerae NEAU-A2 17 #if5 34T T A
5%, RN, NEAU-A2 7E ISP5 Bt AR K
AU, PEfusg /s AE ISP2. ISP3. ISP4. ISP6 .
ISP7 $5 77k ARRRRATAE K, JUHAE I1SP3 i Fr ik
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FAERRY, L. Hi, B ISP3 VRN
BRI SR
2.3 WARREIME ZHERGRLE

AT OB R R B AER RO S WX
L. rhizosphaerae NEAU-A2 145 4387 50 HLI1E P4 i
(9 U G AR 7 W O R A A BBIE Y Y TR L
fil o 7R IRAED, BILTEE NG E NP4
KPR AE R TR AR L, BT DUAS BIF 5% X B Ak
PP E EAT T e . LR =T AN Z R
BrAd: Z AT (32 4), 45 5 & TUIZ B bk 0 i R
YEFRA) . I R (Kan) . fidE 2 H R
(Thio) . £1%: 3K (Ery) 8 MUk, W) = T 40 2 W g
AU (Tmp). ik, BEFEH AP Apr. Kan 1ER
L. rhizosphaerae NEAU-A2 %75 ¥k il i 1 7 e bi
i, R Tmp 1 AEE A% Th RIGFF i A il
24 ERAELE

AR R B 41 (=30 Kb)Je: 4 # 3 K 41
SCPE BT B A, R R AL AR G R A — 4
YEFSE A, DLB7 1 S 4l kA W 24 . 7 X
L. rhizosphaerae NEAU-A2 J&[H 4 11 7 2= Wi 1k 52
B (/NI R S CIAP), & PLHILN 4 25
Gy KR, X —FRIE B B A TR DR A I N A
], 28 25 DR SCE ) Ik s o TPk . FRAiT 2%
WL, 2 PR IR IR EE T B RE ik
B L REAR . frais & 3L L. rhizosphaerae
NEAU-A2 (5L 20 1 F Mbo | iU 5 3K & A

% 4 L. rhizosphaerae NEAU-A2 3 RREIHTA Z RIS
Table 4 The sensitivity of L. rhizosphaerae NEAU-A2 to
various antibiotics

EINATE ¥ S % Concentration (ug/mL)
Antibiotics 25 50 75 100 200
TR L% 25 Apr = = = - nt
RAR%E Kan = = - - nt
Tifif 221/ % Thio - - - nt nt
214K Ery nt - - - -
SHECNAEE Tmp + + + —+ ot

W = AER; + AR+ WAL ot RillE
Note : —: No growth; +: Growth; —+: Poor growth; nt: Not tested

fife, AR/ Iz B W R T (CIAP) b B S % A=
fiff, DRLUATEI 22 LB mR (L i B L7 b I 3R 3
HEAARTE . FrLL, RAOTEFESE NEB A+
(1) 55 A —Fh L R AL B —— A Bk B IR T (rSAP) o
A rSAP [fAbBEJS, L. rhizosphaerae NEAU-A2
(DR 20 B L 0 35 %, A T
L. rhizosphaerae NEAU-A2 [ 5L 2H 30 .
25 HRHEHFEIIEE

A B TR R IR S T,
P = A ETEE T WA T 3 T . 50 °C
Iy RIFG 5. 8 Fl 10 min, Z5RAES TR,
H% 8 min A1 10 min FRCEARLE I T 5 min,
B2 T RS BT T A7 IR B D6 4 A S R
MRgm], 59 8R, IR0, 05, 1. 2hJ5HA%K
RILBEES. Wi, HF&%EHE 50 °C #4% 8 min
JE R R =R S HMARTE A
2.6 #)F PCR-Targeting $ A 3175 F B9 58 %

F) Fl PCR-Targeting 4% A i 2h 3545 T mi B
PKS-NRPS i [K Y 5¢ 48 TR #& ET12567/pUZ8002/
S4H1-A1609-cosmid, i I UES 14 (K 2) 7] LITG
#| 1 431 bp 9 Apr HitEIEH R B, DL ET12567/
pUZ8002/pCSG2104 1EAHUAES, LA L. rhizosphaerae
NEAU-A2 Wtk EF1E R Z IR0, M FR ik
JE SRR SR A THE G R . 5 5R 4-6d, TTRIL
PR TR, UEIHES ERRCRR R . SRRk
B3 AN BATRVELE S AT Apr HTAE 1 1SP3 Al | 3%
7% 3-5 d Ji, FIHREL 32 PR RVE A T U T hibE
ik, ARFTILN Apr Hitk, RS H
To BENLBRBOL LA G T, 20ITE TSB fi v
B ARG FR 36 h G R IASRICEE N 4, S
W54 1609-check-F F1 1609-check-R 11T PCR 5
UE, DUEPAERISLRAE A B8 S4H1-A1609-cosmid
(RIS B R A RAT — 4% 1 431 bp AT, TR
BB A U 6 2 7 272 bp (K] 4), SR IITE WSS e
ARk R aac(3) /V+oriT KL Bk T 1609 FE[H .
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A 1609-check-R i 1609 1610
Wild e NEAU-A2. fld W

7272 bp by PCR

1608

1608
pS4H1A1609 /—<}<:|<:|_<

1608
Mutant NEAU-A2A1609 /—<]-<:|<:|--<

1 431 bp by PCR

B kb M WAI609 M kb
15.00 .

7.50
5.00 5.00

3.00
2.50 300
1.43

1.50

1.00 1.00
0.75

0.50

0.25 0.25
0.10

Bl 4 PKS-NRPS EEKERTHRUEBA)FIWNZIHRET

1 /
= /609-check-F

A-RED-mediated
recombination

G'G'C(_‘?)[V* 1610

1 431 bp by PCR

Double crossover

aac(3)IV* 1610

—
—

TR FR Sk A4 B (B)

Figure 4 Construction of PKS-NRPS inactive mutant (A) and gel electrophoresis analyses of the gene 1609 double

exchanged mutant strain (B)

e “aac)IV*": [RIEFS I ABIHEEEE 1 oriT; M: DNA Marker; W B4z 7
Note: “aac(3)IV*”: Resistance gene and oriT were inserted; M: DNA Marker; W: Wild type

3 WikHE%iE

ARG 2R L. rhizosphaerae NEAU-A2
Hr B S T 2 AT I W R A R SRR E T
FACEY B T T Z AW Wt 2 AR s R
BT RO P SR AT T | B i e U
AR ERAR AT, W — R AW 2 5 F i)
R4, Fhl— R AR 2 40
(18 W5 W 2 B 1 e R — 28 =8 T R AR |
W — SRARZE R 2R B 12 0 A T M i
A EY .

AT, ENAMUAE R A B s R
KRR THER S, O THER IR A
(5 T AU BAS T RN, HEHRT
MISEH T AR B SR TS, (B4 XA

LR AW R E I E R D . S HF A IR E &
(Lechevalieria) & — 2 AN WL A ILZR I, R
2 H AT AR WX %8 5t AR R R A A o XF
L. rhizosphaerae NEAU-A2 HE7743ER41 0 &
B, WA E G R G vs
PRI, FRAT D Hs S AR R A TR, LU NI
J A= LI IS B BLAi

TEJE DR 20 SR I, FRATT R B R AR
DNA TE 4=/ w2 i (CIAP) b 15 45 5
AR, 5 R ABERE B DNA FIPERIE MR, X
XA L PR SO 3 B T L R A, DR ok by el I [
SCET E—E K/ BE) DNA (30-42 kb), JG4:
FAHA R P e FRERAE, IR A
fEE S DNA FIFEME . XX —Z5 Rkt fe, &
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B FH 25 0l 2 T it A FH i 3 PR A R R 1), ANHE
Qb T RAfg R /NP BERG DNA 12226 5 iR
TRt B H 2% vhER 1A 22 550 DNA ARERE . [RIL kAT
BT G P MR B W 1R T (rSAP) HE AT 2% Wl R 1k Ak
B, 25 R IBE R 2 R il S 2 D, B
AT L. rhizosphaerae NEAU-A2 MRS, %
IR B AL R E IR R O T S, iz @ v Hoh
WMRIBR A B E R RS IRIE S %, iR Bk
R S IR AR 7 4 A A B TR 1 S TR R
KO S T L A R B LA
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