Research Paper

WA 224 Acta Microbiologica Sinica
50(11):1503 =1509; 4 November 2010
ISSN 0001 -6209; CN 11 -1995/Q
http ://journals. im. ac. en/actamicrocn

it
\%ﬂ
II_[}
&
ik

BEACCHESHMETUNEENEATNSE. L
51
ANy, ) He v

CLLZR IS oo A i B 22 B, UF R 250014 )

WE[HW] A -ZIEAR NS -1-R IR (ACC) UG 1 £ 1 $5 A 110 083% N A= 4 18 19 43 25 S ) 24 e PR Y
WA B TIRENENE 506 TR EEPER OC R [ J5 8k ] R TR Bk A fedt FJe 6 3% A bk A AR 25 v 43
B HAT ACC 3t 2B T 1 A9 5% 9 7 AT, AR 4 B SRR AIE A PR fb  APT 2852 R GE M 168 rRNA X 3 b #E A7
Y8 IEAr BIE T AR ACC T G R I LR R EE R VR R AR S RS P
W R P [ 45 R ) 4 40 B 45 20 0 9 AR g LPIL, SS12. TWI F1 TW2 43 i % 52 o 4 A B o0 B 78
( Pseudomonas oryzihabitans) AR E il # ( Pseudomonas sp. ) . 112 B ( Pantoea agglomerans) F11 3% 55 28 il B4
( Pseudomonas putida) ,4 ¥R U BR BA B & 19 ACC B2 B I J1 2 Ah , 38 7T S [) #2277 A Bk 28 A4 msl W & 1R
oA R ALV R, XA Ve E L (BT 18 R ) S JE TG ), MEAT TR AR SS12 X 8 S Ak 22 0 18T ( Fusarium
oxysporum f. sp. conglutinans) F13E AL ZERE & (F. oxysporum f. sp. cucumerinum) ELATEYIVEM . [ 4581

£ A AR W B T o ) A AR AN R R TR R N AR AT B R W SRR A R

KB % ACC AN ; WAENME,; %
hE 45 EKS: Q936 XEkHRIRAD ;A

% (Suaeda salsa) J&— Bl Az A< T b Bl o 11 75
T U 0 TS £ A W o ) A AL R TR R 5 H
B LA DX T e 2 AR R R
A E AR A R o KR AT ST UE T, 680 (Y i £ fE
o3 FEEEU T S b DR 2k T
VA A T 118 22 R P B TH 0 5 ) A K B A B RE Y 52
Wi BRI Ak T 4 22 AL A 7

AR JEL AL, A W) 22 T B 2R R — A A A Y
A=A G S AN A S B G, AR A AE W N A T S A )
Py o E AL B S5 2R B PN A= T S e AR W R A
VERD (EAE W) RE S 70 5 PRI T A K VB . A BIFSE
F M, G A AR LT I R W) B A R B 3 5 S
fIRE T — 2 BT ACC B % 1 175 M 1 1Y 26 20 7
FEAR P A A A2 R PTH  Jm I i B T

X E 4S5 :0001-6209 (2010) 11-1503-07

PR Sk 3 ot A A 2 s 1 6 v i i A4 9 R
ACC A J ou=T i 2 A FR AT £ 03 7K 1, AT 22 fi 396
BE P38 77 2 ) 06 3R e R R
TRARIT AL T i 35 B 58 v B8 P9 28 40 T 1 A 25 AR
F AR SCLL ACC i 2 i A 4 b o B2 P9 24 4 1 R AT
it , T B8 Az P R L A Bl AR L TS
HAAT RGO t — 22 45 78 A 40 6 e £
A R R T B P 5 7 B A

1 AR
L1 ##

L1.1 AEYARE: B il BEAL AR , R A IR A
ARETH R B

EE€WHE LKA A RRE IS (ZR2009DMO42 ) 5 [6 52 & P A= P 8 i i 15 5 7 K% 5 (20092X08011-020B )

CWAEMEH . Tel: +86-531-88177190, E-mail: zhaolei@ sdu. edu. cn

TEE BN AL (1984 — ) 55 INARIEM A Wi 5E 4L, RENFRMAEY RN K 5/ HPFFE . E-mail: tengshongshan@ 163. com

%5 B #5:2010-04-08 ; f& [2] H #8 :2010-05-18



1504

Songshan Teng et al. /Acta Microbiologica Sinica(2010)50(11)

1.1.2 R BE W & MM ZE W @ ( Fusarium
oxysporum f. sp. conglutinans) 1 JA A Z2 0N B ( F.
oxysporum f. sp. cucumerinum) By 11 ZR A\ K 2EF Y
PrAp 2 Be A W s B2 2 RN B RO R R 7 S A
TRy 27 Be o0 B I %5 o
1.1.3 ¥ 4. (D PAF DF ADF 5 57 ;©@ i)
R SRSM BEFRIE @) ki LNM B3R5 @ &
£ 1 ¢/L NH,NO, fil 100 mg/L {42 g i) CCM % 3%
3% (3 Ashby FIl Nfb [Fl &k 5L
1.1.4 3 %3 7 #1{L #8 . ACC . Biospin Bacteria
Genomic DNA Extraction Kit i 5] & & PCR ¥ ¥ ) 4
B A R Y TR R %S A BRA A 5 16S
rRNA JEFN G451 i F g AR ) TR R I 55 A BR
A A G e R H 0 [ G AR R AR
] T A b s A AR AR 5T AT
AR =T R I it QA SR E IS
SHIMADZU 7% w); i # % O & .0 AL Il [ 18 =
Eppendorf /A #] .
1.2 BEFACCHEMEENBENEAETNE
EMHH

%% Penrose " 1 5 1, SR JH R B 1 A Ak B B
FEFEARAOAR 25 iR B B ACC i &l 15 1 1Y
BB 3%E N A A0 R
1.3 HEMEE
1.3.1 AMAEREE: S BAKNKNREEE TN
CEIL)
1.3.2  APT RGEUEGE -l 1 [ Mg B3R 20 W) AR 77 1Y
APT 20NE F1 API 20E F 484} AR 1755 o
1.3.3 16S rRNA J7 54" 14 F1 7 51 53 #7 - AR 7E LB
B 28 C ¥R B3 R =X BN, L 3200 x g B0
e £ & &, F] i Biospin Bacteria Genomic DNA
Extraction Kit 1207 £ 73 25 4l Ak 240 7 FE 5 2 DNA AR
P A% A= 1) 16S TRNA LR5F 17 9158 H 51 4 F8 (5'-
AGAGTTTGATCCTGGCTCAG-3") F1 R1492 ( 5'-
GGTTACCTTGTTACGACTT-3") ") 47 16S tRNA Ay
PCR 734, R 50 pL WK &R, 9 F2 /7 0 :95°C
4 min;94°C 30 s,53°C 35 5,72°C 1 min 20 s, 72°C
10 min, 30 MG, § Wi L AEY TR R
i 55 A7 BR 2 w0 e o 4 DU 5E /9 R 51 £ GenBank
FH Blast 24 5 © 119 16S rRNA J¥ 51 i 47 [F] I 1 43
B, R clustX 1. 81 B AFHEAT Z 51 LEXT o H] Mega
4.0 AL F ) Kimura 2-Parameter Distance £ %Y i
112 J¥ & Ut Be HE 51, H 48 4% 2 ( Neighbor-Joining

Method ) ¥ 2 16S rRNA LN ARG KB W,

1.4 FEHRBOEDRESSE

L4.1 BHEERES 2% Vyas'® W7 ik, FAIERHL LL
B EME

1.4.2 BB S=
FE e 0 5E
L.4.3 BRI S5 EMGE Ik, iR
Ashby I Nfb [ {5 55 38 b 1F 4 K 00 bk B A [
FIEE

1.4.4 W (IAA) MIRBE R (GA,) . 3%
Sgroy 7 1, WK € 38 - 5 3 BE JH v (LC-MS)
M

1.5 BB TERSEE

1.5.1 ACC BT 1 : 2% Seleh ™ ({77 ¥, #f 4
SMERTE AR 1 pmol o- T B R Y A X 1 A EETE 71
BLAT RO I SR Bradford 5, LA AR I 3
EH IS

1.5.2 JR7&FR (ABA) &t [ 1. 4.4 (7l E .
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161 $EHUMEFT R FH S 0 3 v 000 5 T4 Mk 0 D
PR BRSO . TR PDA SR b ok B R B4R
S 10 mm {15 )5 3 T B 223,28 °C 15 9% 24 b J fE A
B 2.5 em Kbl b bk, LS B 40 B B Sl X TR
WEREE 3 WREE, T 3TCHRMA TR T 45N
g i L R TR LA

1.6.2 35 {6 At T M A T IR 2 1 °F
W1, 37°C K5 35 24 b J WL 1 9 R L7 4R 1 i W)
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2.1 EEMEBENEE

STEASE] 4 Bk B AT ACC B B M G B Y
HE AN L G B4y LP11, SS12, TWI fil TW2, H
WA A FRA AR IE WK 1
2.2 APIETEHR

fa ] APL U W) 45 5E RGN 4 Bk AR 40 1 8 57
24 h j5, J APT LAB Plus 4 A 52 H 45 5. LP11
TW1 F1 TW2 5 #i &5 5% 24 M & ( Pseudomonas
oryzihabitans) . FH Y8 i #T B ( Enterobacter cloacae) Fl
S B B I R ( Pseudomonas putida ) ) % 5E B 43 R
Gy 99.9% \59. 4% F1 99.7% . Witk SS12 A 1E
Xof o7 HCHRE A v T Y M T 2
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F1 BACCHREBEUMNHENERNENR SN EEENFE
Table 1  Morphology and physiological biochemical characteristics of ACC deaminase-containing

endophytic bacteria strains isolated from Suaeda salsa

Bacterial isolates Bacterial isolates
Characteristics Characteristics
LP11 SS12 TW1 TW?2 LP11 SS12 TW1 TW?2
Morphology rods rods rods rods Glucose utilization + + + +
Gram stain - - - - Arabinose utilization + + + +
Flagellum + + + + Xylose utilization + + + +
Sporeforming - - - - Fructose utilization + + - +
Catalase reaction + + + + Maltose utilization + + + -
Oxidase reaction - - - + Sucrose utilization + + + -
M. R test - - - - Lactose utilization - + + -
V. P test - - + - Galactose utilization + + + +
Hydrolysis of starch + + + - Nitrate reduction - - + -
+, Positive; —, Negative.
2.3 16S rRNA EE K F 5 547 PIG 2y 1.4 kb BB — A5, 20 P Bl E 168

4 BRI A4 LP11, SS12, TW1 fil TW2 ¥ 1] rRNA 3 ¥ %] ( GenBank accession numbers:
F2 REACCHREEEMEMTEEZEMNEMEN 16S rRNA X EER

Table 2 Identification of ACC deaminase-containing endophytic bacteria strains isolated from

Suaeda salsa using 16S rRNA gene sequences

- GenBank accession Closest related type strains according to the 16S rRNA gene sequence in ~ No. of o
Bacterial isolates X Similarity/ %
number GenBank (Accession No. ) bases
LPI11 HMO038118 Pseudomonas oryzihabitans LMG 7040" ( GQ250598 ) 1414 99
SS12 HMO038119 Pseudomonas oryzihabitans LMG 7040" ( GQ250598 ) 1350 99
TW1 HMO038120 Pantoea agglomerans ATCC 43348" (FJ611821) 1337 99
TW2 HMO038121 Pseudomonas putida ATCC 17536" (AF094747 ) 1386 98

58 Pantoea vagans LMG 24199" (EF688012)
Pantoea anthophila LMG 2558" (EF688010)

Pantoea eucalypti LMG 24197" (EF688009)
TW1(HM038120)

761 Pantoea agglomerans ATCC 43348" (F1611821)
Pantoea eucrina LMG 2781" (EU216736)

100 Pantoea citrea LMG 22049" (EF688008)

Pantoea terrea LMG 22051" (EF688007)

67 L Pantoea punctata LMG 22050" (EF688006)

Pantoea septica LMG 53457 (EU216734)

5{Eseudomonas putida ATCC 17536" (AF094747)

78 Pseudomonas fluorescens ATCC 49642" (AF094732)

—— TW2(HM038121)

100 Pseudomonas stutzeri CCUG 11256" (U26262)

Pseudomonas aeruginosa ATCC 33350" (AF094720)
48 Pseudomonas oryzihabitans LMG 70407 (GQ250598)

100|| LP11(HMO038118)
98 | SS12(HM038119)

Rhizobium leguminosarum ATCC 14480 (AY509900)

E T 16S rRNA FIIMAE ACCHEHEMHNBENEATMNRELEH
Fig. 1  The phylogenetic tree of ACC deaminase-containing endophytic bacteria strains isolated from Suaeda salsa based on 16S rRNA gene
sequences. The numbers at the nodes indicate the bootstrap values based on neighbor-joining analyses of 1000 resample data sets. After each
bacterial name, the GenBank accession number is shown in parentheses. Bar, 0. 02 substitutions per nucleotide. Rhizobium leguminosarum ATCC

14480" ( GenBank accession number: AY509900) was selected as the outgroup to root the tree.
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HMO038118-HM038121) , 4% J5 43 il 5 GenBank H1 Ay
U AR EAT Blast HEXE o3BT (32 2) , IR HI AR 4%
TEA 4 RN R AN S IR M TR R ( Pseudomonas
sp. ) A2 B J@ ( Pantoea sp. ) Lz FP ) 16S TRNA %
GRAEM(EL) .

iR W on, bk LPLL A SS12 5 45 X A
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17536 HARMRLIE Ay 98% , UL 3 #k 14 14 Jas {1 o i 7
J& ( Pseudomonas sp. ) , B & TW2 5 & £k LP11 Al
SS12 HIALE R 95% o 4G A A ik e 25
B bk LPLL %878 W A B 5 1 ( Pseudomonas
oryzihabitans ) , W ¥ TW2 b % R 8 B g &
( Pseudomonas putida ) ; T & £ SS12 8 4% F] A ) i
B 5 AP Pseudomonas oryzihabitans LMG 7040" A&

o o < <
to w IS W
T T

ACC deaminase activity/(U/mg)

e

b
a l
TW1 TW2

0
LP11 SS12
Bacterial isolates
120 p
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255 WORP Y 45 5E I T G 5 DNA Z8 52 F1 (G + C)
mol% & i R E .

AR TW1 58X Fp Pantoea agglomerans ATCC
43348" {7 F [l — 43 3, RGO R G, A 99% [
eI, 7653 5 b 47 b & ¥Z 1 & ( Pantoea sp. ) , iF —
WS G A BRI IR A5 R R bk TWT %858 O il
1Z W ( Pantoea agglomerans) ,

2.4 WENEAFENEDRESE

SR HIOFIES 125 0 B3 A9 B 1Y 4 Bk BeisE A Al B
BORMABERE S (18] 2-B) , HIYRE™ L gk E ik, (H™
22O R TW AR P B AR 1 AR X 5 i
ik 97.25% Wi B Bk LP1T & R v 2k 48 4k 1) AR X 35
it AT 52.02% (18] 2-C) 54 b PN AR 20 10 45 1 RE 7k Bk
AN Ashby F1 Nfb B 32 2 b iE# A K, WA B4
[ AU RE 7 (3 3) 5 B bk 28 VR I & T 55 57 J= 34 ] A (]

120 B
2 10.0
on
g
= b
S 80F
b a a a
N
§ 6.0 F
3
L
5 40F
B
= 20F
0
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Bacterial isolates
120 ¢
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2100 }
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g
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~ 20 F a
I b
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0 - = |
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Bacterial isolates

B2 WENEHAE ACCHREEFN . FHEN  KHEREMHETEHNE

Fig.2 Determination of ACC deaminase activity, phosphate solubilization and siderophore production by spectrophotometer and

quantification of phytohormones by LC-MS of endophytic bacteria strains isolated from Suaeda salsa. Values ( mean of three

replicates * standard error) designated with the same letters are not significantly different (P<0.05) according to Fisher’ s least

significance test. Bars without letters mean that the compound was not detected by the methodology. (A) ACC deaminase activity of

bacterial isolates; ( B) Phosphate solubilization of bacterial isolates; ( C) Siderophore production of bacterial isolates; (D)

Phytohormones (TAA, GA; and ABA) production of bacterial isolates.
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R Ml 7 AR AR OR TAA LR R bR TWL A 7 e
B, 10,7 me/L, 1 MEA bk SS12 E4S 77 A GA,

(K2-D) .

R3 WBENEARNEDFHGE

Table 3 Biological characteristics of endophytic bacteria strains isolated from Suaeda salsa

o ACC deaminase  Phosphate Siderophore . L Phytohormones Antifungal Protease

Bacterial isolates . . R Nitrogen fixation i - o
activity solubilization production production activity activity

LP11 + + + - + - -
SS12 + + + - + + -
TW1 + + + - + - -
TW2 + + + - + - -
+, Positive; —, Negative.

2.5 WEALEAENFEEHRADEE

4 RRBEE N AE A AE ACC &34 % o4 3.0 mmol/L
(1) ADF WA 55 37 B th B 5% 24 b J5, 1 R MBS 1Y
ACC WG I, K 2 — A FTLUE BB LP1T Y
BiRG J)d i, 0. 576 U/mg s Ak SS12 AYEES 1k,
J9°0.301 U/mg; i bk TW1 58k TW2 BB 17K F
24,7350 4 0. 086 U/mg #10. 108 U/mg,

Bk SS12 FI TW2 [y ABA 7= & 4% 3l
0.2 mg/LAN 0.5 mg/L, M &Kk LP11 F1 TW1 A y= A=
ABA(IWLE 2 -D),
2.6 E P A G A A B AR I

7 A R A B A O R LT AL 2
AR 4 RS P9 A A0 TE AT 2 AR AR A T A b
Az 375 W8, AN A 2 O A  (H O IR 3% 75 10 4
SRR IR SS12 REAE XS B N A 2K I ( Fusarium
oxysporum f. sp. conglutinans) 1 JA A ZE 0N & ( F.
oxysporum f. sp. cucumerinum) ;=5 AVE A, W E
WP SERE Dy 2.2 mm Al 3.6 mm,

3 it

A SCR TR A= A A T 1 APT Bl A W 26 AR ¢
XF T R EAT 2R T AR IF PR T B Rl g M i AR LB
e A5 S S 52 A5 TR R AR EICHRE 2 1 BIR A LA K b SRR
BB, 5 B R IS B E R, W bk TW
(9 APT 250 19 45 %6 45 2R O 1334 i AT 1 ( Enterobacter
cloacae) , i 4= B A= AL Al 16S rRNA J 81 [ 5 43 #7
Y45 R Ny AT Z 1 ( Pantoea agglomerans ) , J5 A 2
TR APT 2R G500 178 v AR AL 55 3% B Bl T
HEBR APT 22 58 09 %8 5 25 21, B D02 18 bk Sy 78011 32 T
(Pantoea agglomerans) . 8% i 2 B E 78 K F5 4F
VL ¥ % MR ER RO ST UV ki R/ L =t
FHE % B AR IE

BBk SS12 AN 25 P, 2012 4 Bk A A= 4l i o

WHE —0F 9 Jirt L T S 7S 475 0T M 1) T PR, S AL
A RES LG R R i B A G, DR B T Y 2R B
P Z —J& il o 7R B R SR R L Ot R
DT 40 o g TR Y A R A (H R R R R R
R BR TW 1 I 7 H X5 Dt L o 1) 405 e 1% 1
JE A 15 2t — 2B 05T

KEWFFER YT, W50 2 1R IR 75 3 A 0% 0L JF A1
Y0 A A T4 e ABL W Y 030 RE T, 4 b o 7 s e
R W E T8 AR W ( Sinorhizobium meliloti) W L)
SR 0P R 0 Sb I R A AR i A
A LB 3% TR Y W T (G R PR R R R ) S
IS DA T 412 5 400 05 ) ik 32, Bl 3 b v B 7 R 1Y
BUR R T 0% (6w A IR B B R AE . A
S 55 ) FH W AH €8 335 - 5 3% BK ] vk (LC-MS) Ml %€ 1 1
PR AH 3 M) R, R B 4 R N AR 0 T 2 RE S
FEWIE R L T bR SS12 R TW2 I8 1] 43531 7 A= o 5
R IR, BARAHE ARG 4 BREA ACC A
Tl 6 P D T A LR AR 22 TR T P AR A TR R A — R O
B A= DR 1Y 22 R U T 5% TN 21 A TR
A BRI AT A — o R LA B T AR R
385 | 1% A BRI AR A R R AT IR AR, DA T 4 25 A
WAER B ESE T RB BT

= N AMIF G 2B, A ACC I 2 i 3 M 04 A8
FR R P9 A6 40 B 7E B2 AR A B 5 05 L3 L m AR &
EmAEE R T REEE Y, 4
PR E ACC I 22 il 7% P 1) B85 PN A1 A i b, i )
157 P G i R AL 1 ( Pseudomonas oryzihabitans ) LP11
FwEN AR, HEE 2 s TRAB R L
ST i 3 AT G A A 1 A R 20 M 1 Epa
Je— bR B A B O M E I Rk

B4 BREA ACC I 2 Bl 5 1 19 83 N A= 2
N 1 T S B AR 0 AR A AR I 5 1 — 2Dl
aeb A AR a6 I S, T 30 AH O B8 DA A e B e 2 R AT
T IR AR
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Characterization of plant growth promoting rhizobacteria

Isolation, identification and characterization of ACC
deaminase-containing endophytic bacteria from halophyte
Suaeda salsa

Songshan Teng, Yanping Liu, Lei Zhao"
(College of Life Sciences, Shandong Normal University, Jinan 250014, China)

Abstract; [ Objective | We Isolated and characterized 1-aminocyclopropane-1-carboxylate ( ACC) deaminase-containing
endophytic bacteria from halophyte Suaeda salsa to understand the interactions between endophytes and halophyte.
[ Methods | ACC deaminase-containing endophytic bacteria were isolated from root, stalk and leaf of Suaeda salsa and
were identified based on morphological, physiological-biochemical properties, API and 16S rRNA sequence analysis.
Isolates were evaluated for their ACC deaminase, antifungal, protease activity, siderophores and phytohormones, such as
indole-3-acetic acid, gibberellic acid and abscisic acid production, as well as atmospheric nitrogen fixation and phosphate
solubilization. [ Results]| Four ACC deaminase-containing endophytic bacteria strains named as LP11, SS12, TWI and
TW2 were isolated and identified as Pseudomonas oryzihabitans, Pseudomonas sp., Pantoea agglomerans and
Pseudomonas putida respectively. All the strains possessed the phosphate-solubilizing ability and could produce
siderophores and phytohormones more or less. None of them could fix atmospheric nitrogen or produce protease. Only
strain SS12 showed antagonism against two phytopathogenic fungi viz Fusarium oxysporum f. sp. conglutinans and F.
oxysporum f. sp. cucumerinum. [ Conclusion] ACC deaminase-containing endophytic bacteria of Pseudomonas sp. and
Pantoea sp. isolated from halophyte Suaeda salsa have abundant biological characteristics related to plant growth
promotion, stress homeostasis regulation and biocontrol activity.
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