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FHERESHEMM RS KERREZERERE PA1201
S

JE S S S0 U S A LIS P SR A K S5 U, T S

T A AR I X T S e, ATl R A i B B BOR B, Ll 200240

B CH MY AKREAR B 075 126 58 v 2040 10 2 R 9 T2 A7 A 200 1T > 20 A A0 468 5 LT 2 RN AR A R AIE, O T 500 2R 4

A 2 5352 B fie

(722 K TG B 73 2 e L 1S 630 Y b4 SR R (ACC) Jy ME — T U 1) 11 K AR 418 187 B

JEAFAEACHREPE16S tDNA J3> 51 LT 165 Jig g 07 188 11 3 » 0 122 BT R B AT 58 5 o e S 07 A4 A 2 i R80T

% 23 M7, 1 52 1 Ak PA1201 75 PPM 5 J7 JE A 35 08 % I7 S v o 168 25 30 R Wy 18R L 9 % (19 7 F

(4531

Pk PA1201 875 23051 7K B8 SRS 993 B A KRG 0 RG 8 B 10 2R K i 4 S B I 1 (Pseudomonas aeruginosa
sp. PA1201) ; PA1201 7 A5 5 0 4100 1 R 1 = 49 P W 5 35 N Wy e % i » 76 PPML ORI 38 5700 K5 75 5 o Y R 3 3%
{7 BT Ik 81,7 mg/L F1926. 9 mg/ L, Wy W& - 9t Ji% ) 7~ - JR AT 34 18. 1 mg/L 1 489. 5 mg/L;PA1201 =4 K
i M A 2 TR R N R 4 R AS49 AR AR MR R o ik (4518 ] PA1201 ) R AR 3 i LI AT
AR BRI R B AR M8 5 3 =4 % S e AR Iy MR Pk S S AT AR Py e A ke, RAT B ITR

¥ 7 -

RUEIA (ML TR R A Wy R B, xR 2, Y T )

FES%ES:0939

K TG LU L5 (Rice Sheath Blight) J& — Ffr i 5 14
Wi E, WK R SR T, AN SL R 22 B
(Rhizotonia solani Kiithn) , 12 %t 5|2, § T /K # F %)
W 10% —15% ™ L s sR" . T
TR s USRI A 5 R U L BTN B R 2
A BB K 5 SURE R Bk IR 52 22 JE D 42 361 At DLis
I BIAR e B8 DRI R SR AT B0 i Al s R b 4027 97 96 4K
SRIE BT 6 GOR i ) 205 e I MR R e I H AT
57 3 KRR SO 10 1 AR 25, F 20 fiEAL 70 4 AR

X E 45 :0001-6209 (2015) 04040111

FRUEHES M o 48 40 ZAE I A H, B 4
b DX UK 9 TR O R T AN )RR B 2
P FHTA) A7 6 AN 07 £ 1 38 1) g EEE R AT SRRk R
) AR A AR 2 o

WE R A= ) AR 24 (1) 382 42 22— S i B RN R FH 5 P ik
AW, B AT E Y AR O 4 B A A e — e 0 KRS 4L
0 T A K I 2 0 B R R R AT MM B
g B 45 B kL B ZE A T NB12  (Bacillus subtilis
NB12) F jijt 2k NAIl

( Streptomyces triostinicus
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NAL) 5 =35 X 7K R SURS o3 BT T 22 742 K F 10 1 2 43l
3k 75% R 84% o W JE 524 HROE TRy S S AT
SFA81 (Bacillus subtilis SFA81) %f /K F& LUk I B
B 89% ; Ot R ML W XFAT74
(Pseudomonas fluorescens XF-174) Xt /K ¥ H ™ 45 i
FRT ~ 20 T 4 XE 0 AT AR T R /A R SRS 9 T R 2
Yy H fH 0 # £ A . Bhakthavatchalu 2§
Shanmugaiah 45 73 7)) 73 25 2 T PU AR 45 14 ¢ R R
FP6 1 MML2212 ( Pseudomonas aeruginosa FP6,
MML2212) ° =, iy 2% o 6 375 2K RS SOk 995 11 4 74 110 8
TR 8 S EL T LA B IR Y S e R
W AR e W Wy EAH% % ( phenazine -
carboxamide, f&j FX PCN) f& 48 47 25 410 i LAY 18 F1
I AT B2 R R B TP B A
P 1 AR WLk — 2D 4R TE

AT K A A i B A R A e A DG AT BA 10
2 AR KR < Tt JTCMT JBROAS5: A 00 R s 33 Al o
=R v o A S S 1 R R U R N 0N
MI18.GP72 FiI SJT25 45777 ot JICAR b 0 2% 182 - M
W M18 (Pseudomonas aeruginosa M18) fe =4k 3 /b
P A R AR 7 ) W R 3 (A 2 44 R D Wy R SR
% , phenazine- -carboxylic acid, fiij #k PCA) Fl i i 4
B3GR 3 A A KR SR T PG
JRAR 295 T 1R ARG HOXE AR R ) 22 4, X 3R 558 K
I o N T B e FR B 3R 1 R T R e E R BR R R
0 77 A AN T > VR SR B A S W T M8
HGE 55 25 10 2B 0 A s B AN R L
FESCFER [, 6F M8 B R HEAT T 2 %8 € ) 8% o
I AT MR R B LA AL S B R R R
B ik B 4.7 g/LM T g Ak SR R
it A PR 2 W) BT A T R R R 2R KR B A
IRBE R UF 18 V7 AU AL . 2008 - 2009 4R 1), 77 4
10 /N4 i1 58 K R FR S8 45 SR R W 1 1% HI R 55
RV A B AT AT VR K T SUR R 1 8 B A8 i
80% T HA I ESA&L™ ™. huEds LR
A 1% &7 7)1 2011 S 3RAF A 25 5 ik, H ik T
SN T B Beo A, b T H B e R A 2
i By J5t ki pME6032 i 334 I 2 R 5 i ik DA 7%
phzA1-G1 S 5 1% A5 PR A B B v ik AN A&
SE » 5 BRI 2 31 R IO I AT > 3 2B 7 B AS R
2 B i i ) R S FBR R AR AN T o R
ST TT ARG ~ e 7 B B R R AR

A T 38 A e R v S P TI A IXOR B i R K AR
B A M 23 25 O 9 3 Y — AR 81 RE 0 5 2K SURG
I3 1 A B BT R o B PR PAT201 [ HT R 5
R MI8 Wkkm 3 -4 15, & RAH
1 BRI R R A 7 Wy R L D T R B e
FR 3 20 R PR A AT AR T B0 A 3 3R 41 10
{1 3k 7 o

1 MRERITIA

1.1 ##y
L1.1 fiE Ak PAI201 J2 T PR 1T 45 DX K A R

B LR AF o) B Al Ak T4 5 K RS SO TR S KRS
Al 95 T PXO99A L Al 2 A o i 1 M8 K Jigy #F 11
DHSo A fili I i 40 i & AS49 DL J B IR R
(Drosophila melanogaster) Canton-S [ 78 ¥J 7 A Sz 36
ELE

11,2 #RaE 3R £ (1) T8 240 4 0 B IR 55 95 O
(PDA, g/L) : ] % B 20 g, 4% % 200 ¢, Bl 15 go
(2) NA Br 370k (g/L) B AR S g F R E 3 g0 I
WS g BRI 1 g Bl 8 g, pH 6. 8. (3) %
Wi R 5E (LB, g/L) i EE (1 R 10 g, [ REFE I
5 g, @ ALHN 10 g, il 15 g, pH 7.0, (4) JBi#E A ik
KEWGHRFREE (TSBA, g/L) - i AWk 17 g, B 1
W3 g HIAHE2.5 ¢ FALHN S o BEIRAL —HH 2.5 g,
BPE 15 g, pH 7.0, (5) S W73 (g/L) (i &
k3 65 g, FoKIK 16 g, Wi %G HE 12 g, oK &1 22 mL.
(6) thZ A= (PPM, g/L) : R AWK 22 g, %
W20 g, RETRET S g, pH 7.5. (7) R F 35 5%
5 (PAF, g/L) 4 MR 10 g, Fi 22 /K i 4 10 g, iR
WREE .S o Wi &40 1.5 g, Hah 10 mL, pH7. 0.
(8) DF i 370k (g/L) (Bl 4% 2 g, B 1R & 41 4 g
BEIRA 6 g LARKGIMIREE 0.2 g, L/AKG IR
21 g, MR 10 pg, iR AL 10 pg, FRER 4 50 g, %
15110 weg,pH 7.0. (9) ADF 557555 (g/L) 1141 %
B K421 (ACC) 0.3 o, B — A8 4 o B
A6 g LAKEGMIREE 0.2 g, L/KA i MR W2k
1 g, TR 10 pg, B MR 4L 10 g, i TR 4 50 we, H AL
10 g, pH 7.0, (10) b 4] Rl &K By 15 77 3% (g/
L) :PFEREN} 23.5 g0 1K) 80 g, 404 137.5 g, X #¢
FERH R EE 2 ¢ /K L BE 20 mL, R 6.25 mL,
LR 7.5 go (11) LB gERE RS 5758 (g/L) < B 82 (1
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8 o, M BEHE I 4 o, EALEN 4 g, JHEHE 40 ¢, pH 7.2,
(12) pERE B (g/L) < BERE 508, T fE 15 go
L 1.3 50An £ Z A3 - 40 i 75 A k) & 0 B
FFit -1 Roche 2 7] (Cytotoxicity Detection Kit (LDH) ,
1545 :11644793001) ; DMEM &5 §i 55 9% W0 A1 fify 44 1l 375
W T3 H Gibeo 2 W] HIlE (HPLC 2%) « £ Ji§ (HPLC
90 W B T Fisher 27 o 51908 HAX A (4 By 2l) F1
PUERMW A TATAY TR () FigkoaRa
Ao Q5® @ fRE DNA E 4K (5F 5 : MO491L) Il H
F New England Biolabs ® . T4 % #Jf, ANTP Fi [ il
YEN DI B T 50 TR (%) AR AR . BT
BB 3 E FEL 2w 1) 120KV 254 B3 I 3% 5 W
%5 (M5 :Tecnai G2 spirit Biotwin) o 15 %0 W AH {6 3 43
AL HEAR 1260 7Y iy R0 10 385 A3 i RO (5
W= AT I Ta) B A O 22 SE A 1290 B3 vy 20U A 5
T ER PR 2 AR 6230 T TRAT IR R B EE A
1.2 HRAENS S

71 15 P AT X 7K R K H e g Ef R K R FE Bk
HOHAR & Y iR T L PRI R A 0 3 g DD /D
BB 50 mL PAF B IR 5k i v B JF 24 h
(28%C ,200 r/min) » Ht 1 mL £ FE W 8 A T 50 mL
DF 5 Fr kv, 3% 15 9% 24 ho BEJE I 1 mL 55 97
FLFT 50 mL ADF By FRIE i, 5235 597 24 h J, HL
IR 200 WL ¥k An T ADF Biflg ¥4k b, 75 28°CF
B3R5 ds BRBOE AN 5] 9 5016 9% 2 JF 2E AT Tl
AT o

SR 1) 20 3 00 R T V2 T AR S 7K R SR i T )
22 A AN o T JE R 258 B 9 S B0 A T A
BRI T SE AR R L 2 em &b CREAS S ARCAT
R 4 Bk ) 2 28°CHE 9% 2 d J5, 7R % A0, 2
FEAR A 8 mm s Kl 7K R SO 0 BB 22 1 3T 1
Jio GREERE TR 3 d S, WL SURG W ZE G DT O 0B
R A EHREZIIK 3 K.
1.3 BREmREKRMKEEMHENINEEENE

K5 7KRE 1 A0 R PXO99A 2 Fh T+ NA YA 15
FEFH o, BB 597 24 h )5 (200 r/min, 28°C) , i 45
W OD, % 1.0, 2.5 mL B F T 200 mL U4
16 (42°C) 19 NA Bl 55 9% 5 b, SO 55 )5 4 il 481
AHEFEIL (P =90 mm) H1, AFI0L 20 mLo VB [ T
T 5 K R D TR AR B T AR L, B T AR 28°C
MBS R T B IR 48 h T, W E I B H A AL
W3 XML, UK AT E DHS o B PR N G000 1

1.4 B#k PA1201 9% &

1L4.1 EERS: M I OE & 1w /6 LB
BT AR SR DU IX R 2 vk ) e e d, T R BT
28CHHR KT FR A P R 9% 3 d, TR F B A R VR 11
TE#&

1.4.2 ZMAR A2 7S W 2K 18 #k PAI201 £ T LB
R AR b, AE 28°C 4544 T K 9% 24 h, FH Jo B A
IR PR 3 & T 1 mL G 2K G
Ve AR 2R TH 2% 0 5 > BA 3000 r/min [F) 35 3200 5 min
Ja 2 B i R B UE S e R Bk i B R AR R
T 1 mL JC B 2K H, B> VR n 18 2 T 25 AT
FHE T JE, A5 IE 5 B BE (B 45 : Tecnai G2 spirit
Biotwin) T M %< PA1201 4 Jfi JB 4«

1.4.3 16S rDNA EF F 5B & F0 5 5 4 47 f
FH 40 1 25 R 41 DNA PR3 il 42 38 0] & (A D) 42 i
PA1201 SEPRI 41 DNA, DLk S B A, T Q5 @ s ff 2T
DNA % 4 B (New England Biolabs *) WY
16S27F (5" -AGAGTTTGATCATGGCTCAG3") i
1684472R  ( 5"-ACGGTTACCTTGTTACGACTT3")
P 16S tDNA B 1 ] AxyPrep DNA ¥t ik [F] i
A A B PCR 439 7, A8 il 28 T AR TR
(i) BB A AWy WP 45 R A7E GenBank |7
F BLAST #2 )7 8k 47 AH ALL ¥ Lk XT, IF 42 A MEGA6. 0
] NeighborJoining (NJ) JTiEM B RZE KT W -
1.4.4  #5R5 B BA BS BIE & 4 3l o DU X Rl 26 3% 4%
PA1201 #Z# T TSBA “F#x I, 75 28C & fF F 1 9%
24 h =36 h J&, S P A F A = X ) PA1201 B 44
20 mg, {245 MIDI SHERLOCK # & T M & J5 ¥,
HEAT 5 WG Mg 7 82 (PLFA) 9 45 HCRNA0AH 5 43 47 .
1.4.5 MEZRBMAERENE: PA1201 5 5
R T LB W A 55 IR kb B B IR &2 0Dy, =
1.0, 5% 10 pL B & 100 FLEE FE 8P, 7 20 51 15
BEALIN 150 WL & A7 A KR B otk % (s R
FRFTEHEHE KRKREFRE WU E MR LM
R MERGE G) LB A IR, & T2 B3
e A K 2 49 A A (Bioscreen) HY 28°C #5 3%, 52 I
W PA1201 1 AE K H5 L. B5 R 48 h JE, 4 il
PA1201 Al 2 1 € AN A 1 78 2= il PA1201 4=
KR R AR L o

1.5 HESERNMMEA-HENRENMESE SIS

E
L5.1 &REEFEFFMH: LB P LS PA120]
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FATH Y5 R A 5 mL PPM WK BE 9% 56 b il 2 5 9 8
7% (28°C,200 r/min) , T EE R 0Dy 2 1.0 fE Hy il
T W % 1% BRSO Rl 7 W Rl 42 50 mL PPM
B 65 mL B UM R R R T AR IE % K (28°C
200 r/min) 11555 24 h % 72 he
1.5.2 EEE R0 EA-SEREIMEN: 714
[Fi) 5 W ISF 8] R4 ol IO B 180 b %2 1.5 mL EP
BN 20 WL 6 mol /L Hi g, MY pH £ 3 47
BN 540 pL &5, B %R A 2 min, 8.0 9 2 # B
S iAH 100 WL % HPLC ¥ i & rh ik 2 47 5 3l 3 v 2%
WA 3% (HPLC, Agilent 1260) % 4 477 2 BUIR & 9
Hh R IR 3 RNy B i R AT o T AT B B
WIN AR 15 L, B K 252 nm, 37 Bl AH
H O LR EE: (5 mmol /L) ¥ =60:40 (V/V) ik
ok 0.7 mL/min, f& % £+ & Agilent ZORBAX Eclipse
XDB-C18 Jx #H A%, FE 30C .
1.6 FMREZRMNMEA-ERENRIE S0

T8 3k R v O A 5 3% (UHPLC, Agilent 1290)
XA B BT & ) b W R 3R R Wy R i 9E AT
oy ES. B G AR E B AT, &R AT I ) 5 A
(TOF MS, Agilent 6230) X b &%) 7 T AT %58
SESHW N A EA 2wl K 252 nm,
WENK b P 218 5% (2 mmol/L) ¥ ¥ = 50: 50
(V/V), W% # & 0.2 mL/min, 4 % ¥ & Agilent
ZORBAX Extend-C18 Sz #H#¥:, #¥E 30°C
1.7 FH B SR (LDH) BECEN EMEES M

M & 1% fiti 25 1l ¥ () DMEM 55 B 55 7% W F
AS49 40 VR B PR 2 3] 1 x 10° /mL, B 100 pL fii A
96 FLAN M BE FE M, BT 37 C VAR =N 5% I
SR TR R B FE A T RS 9 2 ho Ok A R ST 4 U R
& 1% JiG A= L7 1) DMEM 5 8 5% 5% W T 808 i 5%
F21 PA1201 . M18 FI DHS o B 1A, 3555 1 09K JE 1
#A 1 x10° CFU/mLo HS L B 90N 40 i 5% 55 AL
w0 R 6 A 1 2R £ (MO ik B 50 Ze A,
37CIHEFE 4 h o, AR 7R & 45 4 T 0 e ok
fH Ay, » AR 7R LDH RS- SEER A 3 L AS49
I H 1E 5 IR 0 40 B I ) AR Bk ) R 3 A
VS 1% Triton-X 100 (¥ A549 41 Jf ¥5 35 7 4 BH
X AREE LT AR A gk (%) = (SEE 4

W G AE — BH Ak ok B 2 W A /7 CBH I S B 21 W Y fi
— FAPEXT R AWE YEE) x 100% « 2o, 45 A BBk

w6 ANHEHE.

1.8 RIBHFEFMNZE

WAk M18 F1 PA1201 #& LB % 75 36 vp o i 12 9%
£ 0Dy, =3.0, B0 WAL 1 mL B 4, J] 45 /&8 LB
WARKG IR VG VR 5> BB &R AR 150 wL LB A 5%
FEW AR 2.4 em [ JE B JE 4L )7 (Whatman)
TR RO R B R 0 K Bk 150w 1R
KBS mAr gl i b P N C AT S h 1
R (3 -5 R#E) 10 M, 45 25°C e K5 7548 (16 h
I R IR, A H R I Sk B A7 S 4.

2 4k

2.1 PA1201 W99 BN E F 1%

KA RLR T 2 1.2 TR 1 4y B0 B N
KRG AR B A HERE i o 2 29 380 B VR T A A 22 e I T AR
89 ks LAZK G LUK Wi B A1 O 45 7 B 07 38 H A S e
YEFH IR BE 10 Bk 36 P 9 5 0 PAT201 ) 1 B 6 7K
T SORK 93 B 22 A K ) A R R et (B 1-C) o ik —
S 45 B R PA1201 B B AB BE G 2030 1 K 7 1
A 7 PXO99A (¥4 &K (B 1-D) o

Bl 1. B PA1201 RIS FNAE HFIE LA R AN BE 1%
Figure 1.

Characterization of PA1201’s morphological and
biochemical traits, and its inhibitory effects on the growth of rice
pathogens. A: Strain PA1201 is shortwod shape bacterium with
single polar flagellum. B: PAI1201 produces large amount of
extracellular protease; C: PA1201 inhibits the growth of Rhizotonia
solant Kithn; D: PA1201 inhibits the growth of Xanthomonas oryzae

pv. oryzae.
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2.2 PA1201 B9FSFNAE LAFIE

PA1201 #5% [y S {0, & & 2% FC B PE 40 14 -
TEHUBE T, PAL201 B4 R ATHR, K/ R (1.5 -2.5)
pm x (0.5 = 1) pm, 58 3R 8 R, B A2 g v (E
1-A) o 75 LB Bl P AR U415 9% 48 h J5, s (A 1
R AR A G HAE N 2 -3 mm. 7
T L 5% BRI ) LB PR R IR 48 h S, W
Jil BBl IR LA 2 30 =35 mm (1375 B P, 430 B i A ok T
FEA ANy WO B A (] 1B) .
2.3 PA1201 BiRFBREME

BL PA1201 () 5 (Xl 41 DNA Jy £ b, % ] 16S-
27F F116S4472R & 51 ¥yik4T PCR 944, 43 1 5. —
WISEH) 4% 4t . 446 J5 1) DNA By Bl /¢ 43 #r 43 2
1497 A~ fik 3&, 7 GenBank ™ [ J3 %1 & % 5 4
KM386632. 5 NCBI GenBank %4 ] (¥ 7 %1 HE 4T

LU X 73 A7 155 25 0C 5 kA0 B 20 A7 1 25 SR 08 Wl o - R
Pk PA1201 ) 16S rDNA J3 ¥1] L5 i 2 fik 5 Mo 141 [H) A3
RFE A R B 100% (B 2) 5 Kk, %% 8 95
WSS A B B M T PAT201 AR Rk . 0 AR 4 T 4
o i L f % g M W5 82 ( phospholipid fatty acids,
PLFAs) J 41 Jid JI () 5 %2 41 B3 43 » PLEA ) 41 B A
GRAKFRAMBERED . %1 85 #EK
PA1201 40 ffJiE vh PLFAs [ 41 i 5 & &, 1 2 RRE
WA C., 07c¢ B Cis.; 06¢-C ol Cly.y 07c 5 3y
A M4 4 1 12.71% +22.97% F 44.13% . &
RTSBAG 6. 10 %4l g Lt 0) 25 S 2 /R 1 #k PA1201 &
i 2 AR PR BAT 0 AH AL 48 % (SIMINDEX) JA |
0. 787, 1t — A Ut Wl iZ 1A bk J8 4 s S M v - &5 B
xR, AT ¥ PAI201 B KR € & N Pseudomonas

aeruginosa PA1201.

P.aeruginosa PAO1
100 |

0.005 | Paeruginosa M18
7 PAI201
99 .
Palcaligenes M4-7
9 P.denitrifcans ATCC 13867
P.mendocina NCIB 10541
PPUTIDA KT2440
P.thizosphaerae strain TH5
97 P.chlororaphis subsp. aureofaciens DSM 6698
65 \— Pfluorescens Pfo-1

2. HE#k PA1201 16S rDNA EHFEFI R %% B W

Figure 2. Phylogenetic tree derived from 16S rDNA gene sequences of strain PA1201. The number at each branch point is the percentage

supported by bootstrap. Bar, 0.005% sequence divergence.
2.4 PAI1201 FEHRX A B4 R EY B

o S AR PR M BT 0 A )2 AR AE T R KR
AN N AR AR R R A R R T 2 B A R A R B
Jod T o A o (B T ) — A R SRR AR S NV 2 BT
PR PR o MR A S 20 45 R
PA1201 XF 6 Myt E s A — 5 P, B PUEL ik
B Sk B 44 % ( Cefalexin ) I o W % £
(Spectinomycin) , 5 A A= KA i 94 B 7T 35 2 mg/mL;
(% P 7 2 (Gentamicin) R 5 (5 2E K 90 %1 1k
JE M 12.5 peg/mL (% 2)
2.5 PAI201 E#kis = HIRE = N R

AT A K A g3 B TR B A S AR R B
MI18 J2& R 55 35 77 R AR I HH & BT RR . /2 PPML A g
SR IR AR, B E R E 204 50 mg /L
F1250 mg/Lo. B T M18 4t 53 K5 W1 G 2 % % 4L
oWy 5 W 19 phaH KL TR 19 45 904 AN IE R AL T

CoT [N, 774 T —A TAG & IL% 6 1, %A
phzH 77 4 % ik, N gk, M18 R 77 4wy e it
P2 o WM BT A U7 v, Gl HPLC A W B Bk
PAT201 5 P 4 A b B e 2 3% 1 7 AR AT R B
Pk PA1201 75 PPM Jk B 42 O T, E 25 A ANk
A W) a Al b, U] 2350 76 1.9 min 12,8 min (4]
3-A) 5 43l 5 H R R 3 bR A B Wy R Lk fi B RE T Y
W B 1] — % (] 3-BLC) » i@k LC/MS 0 #r, b &4
a3 7 E X BB A m/z 225.0660 Fl m/z
247. 0478, X 43 5 5 i 7L W e 5 % [C HGN, 0, +
H] * (m/z 225.0569) 4 & 7 1k s 5 % [C,
HN,0, + Nal * (m/z 247.0478) ) Ji ff bt — B (&
3D) ;MM AEY b & T I A m/,
224. 0833 Hl m/z 246. 0652, 3X 43 9 5 J5i 114 Wy - —
1 [C,,HoN,O + H] * (m/z 224. 0818) Fl4h 55 71k,
HIER % [C,H,N,0 +Nal * (m/z 246.0638) (1] i
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#®2.PAL201 MR RMERIMEKE -
Table 2. The minimal inhibitory concentration (MIC)
of antibiotics in PA1201

mr bl — 2 (B 3-E) o ¢ b ik, kA0 0 52w Ak
PA1201 £ PPM 55 77 i [A) I & pl oK i H S 5 3

Iy 0% 5 )z -
Antibiotics MIC (wg/mL)
N . e Kanamyei 1000
% 1. E¥k PAI201 RBERE P SRS RE TR RUAR S B 8 phamel
Carbenicillin 250
Table 1. The composition and percentage of Gentamicin 12.5
PLFAs in the membrane of PA1201 Tetracycline 50
Spectinomycin 2000
RT Response Peak Name Percent Cefalexin 2000
Penicillin G 1000
0.7426 441876 —
0.7516 8.549E +8 solvent peak —
(A) 200 a PA1201
1.0871 718 -
150
1.2399 2108 10:0 0.51 -
E 100
1.3342 2252 — b
50
1. 4783 1209 —
1. 5369 16353 10:0 30H 3.54 0 1 2 3 4 5 6
t/min
1.6646 17270 12:0 3.57 (B) —
100 Shenginmycin
1. 7606 1198 — 80 COOH
1.7992 1365 unknown 12. 502 — 5 60 Cﬁ@
< N
1. 9305 325 13:0 0.06 E 40
1. 9929 23947 12:0 20H 4.44 e
0 : - . - - "
2.0294 2920 12:1 30H 0.54 0 1 2 3 4 5 6
t/min
2.0756 24597 12:0 30H 4.45 (©)
40 phenazine-1-carboxamide
2. 1765 444 — CONH.
30 N
22271 3270 14:0 0.56 S0 @:Ijj
< 20 i
2.3213 443 — E
10
2.5390 1928 15:0 — ]
0
2. 6421 1419 — 0 1 2 3 4 5 6
t/min
2.7045 734 14:0 30H/16:1 iso I 0. 11 (D) 12
2.8078 85732 16:1 w7c/16:1 wbe  12.71 =10 225.0660
= 247.0478
2.8353 425 16:1 wSe 0.06 X 08 [CoHN0:+H]'
: ’ ) ’ z 06 [C:H N0, +Ha]*
2.8597 156686 16:0 22.97 £ 04 63,0212
=02 T
3.0623 450 17:0 iso 0.06 = 00 22,0061 2500802569659 | | 2690294
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Fatty acid profiles of PA1201 were compared with the profiles in the Figure 3. PA1201 produces Shenqinmycin and phenazined -
Sherlock bacterial fatty acid reference library RTSBA6 6. 10 of MIDI, carboxamide. A: HPLC analysis of strain PA1201 culture

supernatant crude extract; B: HPLC analysis of Shenqinmycin; C:

HPLC analysis of Phenazine- —carboxylamide; D: LC-MS analysis of

Inc.. PA1201 belongs to Pseudomonas-aeruginosa-GC subgroup A (SIM
INDEX =0.787) .

the compound a; E: LC-MS analysis of the compound b.
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Figure 4. Quantitative analysis of Shenqinmycin and phenazine- -carboxamide production by strain PA1201 in PPM medium. A: Growth time course

of PA1201 and M18; B: Shenqinmycin production curve; C: Phenazine- -carboxylamide production curve.

Square indicates PA1201; triangle

indicates M18; Solid line indicates 28°C growth condition whereas dotted line indicates 37°C growth condition. The original Shenqinmycin production

strain M18 was used as control. Data are the means Elandard deviation of three independent assays.
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Figure 5. Quantitative analysis of Shenqinmycin and phenazine -carboxamide production by strain PA1201 in the medium supplemented with soybean

meal and corn steep liquor. A: Shenqginmycin production curve; B: Phenazine- —carboxylamide production curve. Square indicates PA1201 ; triangle

indicates M18; Solid line indicates 28°C growth condition whereas dotted line indicates 37°C growth condition. The original Shenqinmycin production

strain M18 was used as control. Data are the means andard deviation of three independent assays.
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Isolation, identification and characterization of rice
rhizobacterium Pseudomonas aeruginosa PA1201
producing high level of biopesticide “Shenqinmycin” and
phenazine- -carboxamide

Lian Zhou, Haixia Jiang, Kaiming Jin, Shuang Sun, Wei Zhang, Xuehong Zhang,
Ya-Wen He

State Key Laboratory of Microbial Metabolism, School of Life Sciences & Biotechnology, Shanghai Jiao Tong University,
Shanghai 200240, China

Abstract: [Objective] To identify bacterial strains with the inhibitory activity to rice pathogens, and to evaluate their
potentials for the development of new biopesticides. [Methods] Rice rhizosphere Pseudomonas strains were isolated using
1 -aminocyclopropane- —carboxylic acid as the sole carbon source. Strain PA1201 was further identified through
morphological analysis, biochemical characterization, 16S rDNA sequence analysis and phospholipid fatty acid profiling.
Qualitative and quantitative analysis of the production of the green pesticide Shenqinmycin as well as phenazine-d -
carboxamide produced by PA1201 was done by HPLC. Cytotoxicity of PA1201 was evaluated using human alveolar
epithelial cell line A549 and Drosophila melanogaster as hosts. [Results] Strain PA1201 inhibited Rhizotonia solani Kiihn
and Xanthomonas oryzae pv. oryzae, the causal agents of rice sheath blight and bacterial blight, respectively. It was
further identified as Pseudomonas aeruginosa PA1201, which produces shenqinmycin and phenazine- —carboxamide. The
fermentation titer of shenqinmycin and phenazine- —carboxamide in the PPM medium was 81.7 mg/L and 18.1 mg/L,
respectively. In the medium supplemented with soybean meal and corn steep liquor, the level of shenqinmycin and
phenazine- -carboxamide reached 926.9 mg/L and 489.5 mg/L. PA1201 also produced high level of extracellular
protease and was toxic to human cell line and fruit fly. [Conclusion] Strain PA1201 could be engineered for higher yield
of Shenqinmycin or for a new biopesticide.

Keywords: Pseudomonas aeruginosa, Shenqinmycin; phenazine-l -carboxamide, biopesticide
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