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ACC fi B E ¥R 52 B I 1t K X 2 B R R B2 0

jt glla’_fét .ﬂﬁila’j{ %12\,%E—}§(‘2,§ gxla,b’ﬁﬁﬁ%la,h
(1.HIRIRF 0. 2HAFFREb FL F M A ERKMEAEEL LR T 4LM 310018;
2. MBI RFRIETFR.AM 310018)

W OE. AR 1-AAFRRR-1-K 8 (1- Aminocylopropane-1-carboxylic acid, ACC) Bt & B B #& 3T FF A ok 4 K
WA e AL TR KR ACCHRAME R R BN A ARTFAKRS ALALRRATFF. Ao FFTEL
KRREMEARGAERDREETNEF, ZBRAV.HKFT ACCHAMERR SO A KA DSIT3, L BE Hik
5] 0.3899 U/mg, 2% % iZ B A B LM HE B (Pseudomonas sp. ) ; T A LR ZZERFEFARLE L FES
R AL IG A 16, 22% , E R MR E B I m 16.07% ;48 DS3T3 b /7it —F eyl 2 LR AW, ZAKRZLT LA B
RS RBEA T R-3- LRk REMDHE T AR, AR ZARTHEARSAL S EAAS R OELE K,

KW ACC BLAME; A4 B R BB E R AER AR LR BB R H

FESES: Q939.96

0 51 &

F}+2: (Salvia miltiorrhiza Bunge) 2 BT Bl 2
R Z AR R R Y AR R 2 Y.z
FH O M L5 0% 1R 7 . PFS 2 A RO
BLOPKEEE R PR RRIE W) Bt (FH 2 RSB IR B Rk
AR FIRR LR P S B2 W) 5T (P20 1,0} 21
A AP MG 2 0055 B4 25 35 5 B 0 24
FEAEMES HAT, B2 T AT SRS R
SRMPHZ R B AL R, M S 2 B 2 B HA K
JRSAC S 25 A ROR 3 5 1A 77 MU A AR BR B 05 e, 3
S PR 28 7™ 5 I AR PR S 0 ORI R R,
T I AE W AR R AR B P2 00 B R 6

VAR P2 BRI 5 P2 25880 43 Qs
EHTRES RN EZERSY, HREENE
ARAR 1 A= ik B o A= AR B o UL A AR
FFSAE R 25 AR, ok A AR 04 6 1 78 32 3]
PREE 30 B DL T A Az AR )2 TE AT 40 7 080 s D A A
ARSIt G2 Wl o 1 i 5 T kA

YR BT 2017—03—20 ¥ 2%t RH 1. 2017 —08—07

XERFRERD: A

XEHS: 1673-3851 (2017) 05-0720-07

PR AEARE . AE AR BRAR A A 0 R 8 DL AR )
Pz — AR T A YA 3R, 1 4 B 2 M 2 e
YA KR & B 18 T B 1R R (1-
aminocylopropane-1-carboxylic acid, ACC) it % i =& 1F
Z AP AR B (2 25 40 B AT (R R PR A . Xu 37 &
A ACC i 2 [ 1% Pk 1 Al 55 28 J8 4T 18 (Bacillus
subtilis) BB B E P B i Az 4 . Shaharoona 45
RILEA ACC Fi Z i 15 1 19 15 A T (Pseudomonas)
J& AR AR AR E B LT BB £ i B OK AR KR
i . Holguin &4 ACC B M3 H acdS 1)
OB Ak B VY [ BB B (Azospirillum brasilense) ,
BERARTHZ W MR A AR AR T . Rl AR I ACC
JI5E 0 il R A 3o A A0 2 A A T R D TR R A

H . B AT B ACC il 2 35 M 1 Ak X
FH2 AW 6 DL KPR R e AR RS I 1 B 5 0 R DL
i . ASSCLL ACC Jy i — R 812 M P ACC
I 2 T B AR O T SE ACC B 40 I 35 1k LA 3R A5
T P 5 5 T R SRy B R DU S TR X T S B AR A K
AR AR AR B 52 00, I 2 — 20 00 5 2 TR ok 1) 1 8L L

HAEWH . WiilE AR H (2015C32104) ; Wi LA A AR 23 450 H (LY15C010005) ; #i VL3 T K5 )7 sh 2L 4 0 H (14042217-Y)
TEH R L4 (1990 —) , 2, Wi VL3 24, B 7 55 Az, 35 82 DA 20 25 AR 49 o 26 AR i 4 O T A9 A 5
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BRAAFN R R RE
1 #MREFE

1.1 #re

a) PESFER AP SRENCRE TH S FE ™
Hb BV A8 RS I T .

b) B3k . B AR RT3 PAF . i ik 1% 3% 3% DF
FUIN e K 37 3k ADF 8535 SL A1 2% SCk[11 ],
1.2 ACC JI S i v ik 1) 43 15 0 i K% Mg 1% 7 0
1.2.1  ACC Ji 2 Tl T Bk 1Y) 53 25 R 2 i %k

W B A P SRR R A5 G R R AR AR B
- HERE K R X3 AR B R S A IR A

JA 100 mL JEWR 7K 3k » 645 H R R IR . B 1
B A 50 mL PAF 3535 3, 28 °C, 220 r/min
PR 2 s B 1 mL PAF 8595, 380 T 50 mL
DF ¥ 231538 1 d J5, B 1 mL DF 85 3% W 3 Fh
T ADF #5395 1 d. Wi B ADF #5520, O
P HIRAT T ADF AP .28 CHi 2 i B
W& IF Al A T — 80 CukA .

1.2.2  ACC B2 RS 77 &

B AR 5 T R TG A S 2 IR Bradford ¥ %2 40 B4
MR T B E AR SR DR mE &N
RERHEY . RIAEARHEINZE . S B Saleh 551 ik
Wi ACC Wi B IE J7 , Lid Tt A=k .

Az B o T R W) S5 Y i/ ol

i L% )3 /(U » mg ') = CEOR A

i /mg

il 'ﬁﬁuﬁﬁﬁfﬁﬁﬂii/ L

7 25 RO E 5 =R M

1.3 ACC i & B B AR XS BRAR AR W i LA Bk
Az AR 5 )

13,1 BRAR A

ERMWHA LI E A, W &M T 76 50 mL
) 6,7-V R FRIEAPIMA 0.2 g A KIEBEER T2 TR
.25 °C,110 r/min IR H F7 18 d.

1.3.2  ACC I 2 il 1 k175 5 7 1 il 45 L3 &

W ORAFAE —80 “C VKA I B MR TG 1L )5 - B2 A 50 mL
BN SR ;28 °C,220 r/min R ZHEFE 3 d;
4 °C 412000 r/min, 8.0 10 min, Y8 3w, 61
0.22 pm JC P& b U8 4% 0 U8 BR A R VR VE R S 2k S
5 ST A 4 CUkFE &

FERE R 18 d Ja i B SRR PO A & 4 0 5
T 1.5 mL, X R AL o A [a) M R 855 5 3, 152 3
ANERE M R T AREERT R 6 d.

1.3.3  FEBBARMREYR LB R A& I E

WA T 1 B RAR L IR 4RI T, 45 °C T &
T AR, FWRBR S BBt T Y B AR AR, i
i L FREL 0. 05 g A 5 mL 70 % Y F B4 UK, 48
7 45 min(Ja] 8% B3R 5 » 8000 r/min &5.0> 10 min,
W F 33 0. 45 pm JEREA

FH IS R 25 B 4325 o AR 0 52 2R P v 55 R 12 Jr
SE WY FE 2 25 ok R | B B o 3k A R L P
MR B AIPIEERR . AF (e FH 0 = RO A 2 35 (Y R Waters
1525, K I 2% 4 Waters 2996, 1, 3% £ 4 ZORBAX
Extend-C18 (4. 6 mm><250 mm,5 pm), {O3% &4
AW 1 mL/min, AR 30 °C . EFERRL 20 w42

s 0. 45 mm

> 000 7 T B FH 2/ e L XN Hﬂlﬂ/mm

W4 288 nms L FN 0. 026 26 B R K V45 WA T
SIAH A B VR B B 1R A S BRI 6 55 1) vkt
Lo BTN AR Re i
4.1 [ERE T E
TR IR B AR B Ak, 28 °C L 220 r/min,
?fwiriﬁ?%*EJ»ﬁﬁi‘ﬁﬁﬂ%ﬁlﬂ@iﬂ%%qﬂ,EE 5K,
BT PR 1 A ROIR B
14,2 FPEERERRE S e
FE CAS =8k g A fig 71 & W7 Al b 4 A Ff U
Pk .28 °C,220 r/min, 8597 — ], AR BE 72 5L LA
B o= e .
1.4.3  FHHEYIHER s 1 E
WHEEA 50 mL M E RN SRR R 3 d
Jo Fi FEE ODgo N 1. 054 °C, 12000 r/min, & 0>
5 min, B EIE L 0. 22 pm B, A9 A €355 5 I 5T 35
AT . TR o AR IR T I A A KR T TR
AR KR A 5y 2R RN R 8 R AE N Y 43 Fh
Y B R, BARFM IR & )%k 2 B Cao 57
B ME SRy =AY E A .
1.5 JEREFAMEDE A 16S rRNA I K 510 E &
?é‘uﬁtéﬂﬁ
1.5.1 JEAE L S A # A Ak il
ﬂﬂﬁ«%Jﬁéﬁ@%ﬁi%m%ﬂﬁ»tﬁﬁﬁﬁ%““,ﬁ
HA ACC Bz 0 TR bR A TIE A8 LS AR AR A
1.5.2 16S rRNA RN E KR RELT /\19?
VLA 7S e 5k = W 6 IR AL 5 TR FR TN B 2 DNA
FREH, #E4T 16S rRNA £ [H PCR 444 ; it 519 .
R ZR NS W SCHEk[17], H AR PCR
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2017 4F B 37 %

IR AT R B AR A W) RO PR R Y
gE ROk EzTaxon M13E E E 7 A Y H A ME B Ho
(national center for biotechnology information,
NCBD %l J2 it 47 [A] U2 L X 23 47, JF R ] Mega
5.0 I ESL R KB .

2 HERHSW

2.1 ACC JIid 2 il 15 M TR PR 1Y) 07 326 LA B Tl 0 7 A

M ACC A ME— R IE K ADF £ 3% 3 b4y 5 5
25 BRFH S M B A W . ACC I 2 86 3% 1 I 2 2%
LY, BTG B B bR 4 5 43 9l S DSIGL.
DS3G1 1 DS3T3, iX 3 #F B Ak BB IG 97 W3 1, 1
FhEE I ) B 9 O DS3T3(0. 3899 U/mg) » fx A% 1
4 DS3G1(0. 1424 U/mg) .

X1 ACCHEMEKNEBEN

Tk 2 3 ACC JR &% J1/(U » mg D)

DS1G1 PSR 0.22040.012
DS3G1 FF SR 0.142+0. 001
DS3T3  JISMRPr 3% 0.39020. 005
2.2 BERX PSS BARRA Y = DL T R 2 W)
A SE SR A

T R 5 77 F e O B vk DS3T3 F T 40 B Ho vt
ZBMR AW UL ST R W) B AR R 5, 45
W 2 Fios. @itk DS3TS AL HES  PFS BARRE T &
Lo BRZ 3G N 16. 2200 P2 R MR B DL A EE R
SrEBAIN, BE I 4y R 8. 15%0.27. 94 % Al 62, 77%
VT AP 2 R T 2 2 ) 5 i AR 5 235 40 BT 92 TR AR KT 7S

() KFFHE Escherichia coli kB PEXT g

(2)FH B BAMITRP. betelihBHVERH IR

(b) S M ZERIAT B B. altitudinis g B X B
K1 DS3T3 [#

(b)EE MBI P. fluorescens h BH Xt HE

ol I 192 . 2 o B S W L 5 R R S B 16, 07 %0
K2 BEHRDSIT3XMASERREDUR
A EY RN ENE I

Y i CK DS3T3 AL/ %

TH#/g 0.14840.009  0.17240.007 +16.22
&% /(mgeg ') 1.043£0.074 1.128+0.131 +8.15
WIERR /(mg » g~ 1) 0.81940.067  0.489+0.047 —40.29
FI8MR/(mg+ g~ ') 1.39040.214  0.99440.128 —28.49
HIEFRR/(mg+ g 1) 40.409+2.139 39.472+4.190 —2.32

FYE R B/(mg » g ') 71.55744.974 91.547+12.554 +27.94

WHE:/(mg+g 1) 0.23140.024  0.376+0.074 +62.77
PR
/‘ﬁ]%@&‘fi 115. 4475, 748 134.005416.719 +16. 07
/(mg+g b

2.3 DRI AR R R Y R e

N T WSS AR DS3T3 X FF 2 BARMR 2 4 K
A B AR PH T 2 0 I A B 1 AL B L 3E — 25 0 T Rk T
[ R AR YR BB T . TR Bk DS3T3 [E Al
BE R &5 SR & 1 R, BB DS3T3 BEfE7E T A
Fife sk AR ULIZ A B A B A RE ). DS3T3 ™
BRATARFE AR 25 SR 2 TR, AR AR RS L FE
CAS K SF-Az |, Hikk DS3T3 J& il 3 s (o 2 18, %
WK R A Pk Bk AR RE 7 . B R DS3T3 7= A 1 HE 4
WEMEM G EME 3 Fa, mE 3 ATH, #H K
DS3T3 KB & 47 2 FhoAS 6l i A Y 3%, 3228 |
WE-3- 2,18 (indole-3-acetic acid, IAA) M HAT 4, IAA
(4 & e d 5 o 559. 182 ng/mL, FIk K iR =2 -
T K FE - o A MR S - R R A BT B i
3914 112, 441.35. 551 ng/ml Fl 14. 830 ng/mlL.,

(c)DS3T3
REE S b7

(c)DS3T3

Kl 2 DS3T3 " #ka Ak E 1 70 b
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®3 EHDSITIFEMENMHEIMANIE 2.4 EEFIESEKREE

T E ikt /(ng+ mL D) 2.4.1 JBA KA ARE

| e-3- Z R (TA A 559.182+0. 782 kR DS3T3 755 32 A 1 AR 5556 3L 8535 3 d
H%Tzfsigéﬁmg%:;z?@SIAAA/;iZ)> 116.296195100'.000291 5 JE MR R AR PP kS H A 2
| W3- 7, 1B 35122 42 18 (JA A-Leu) 1.05140. 028 FERI TR (KL 3) . FE B 0B T WL B TR A R AF IR
WG| -3~ 2L BE - L- A N & R (IAA-Phe) 0. 133+0. 024 HHMEE, LM, S22 M (& 4 F1K® 5), DS3T3
N i BT OU RO Qg 4 BT Bk DSSTS 12 HLE AL
fiiﬁfﬁﬂgi—%ﬁ%ﬁ*%ﬁ‘(Z?G) 14..8301:0.'008 FRAE 518 A AT & )& (Pseudomonas) ML, B HE P75 4E
2 3%- K E o B A (Z0G) 35.55140. 068 Ik AR Ak S AT AL T L S BE A TE R W L R AR 1 R

VE 42D R B A B D B bR DS3T3 ook R i L AE R A BEA AT IR ER A7 A HL S 45

AT 1 pm | ~
K3 DS3T3 WEEE Kl 4 DS3T3 WEIEA Bl 5 DS3T3 ¥ 2% [y gh
R4 HEHkDS3T3 A A& AFE 2.4.2 16S rRNA [ HE X K B bk 4
A RHE 4 H AL 4 16S rRNA JE [F Xt 45 21 i 7R 1/ bk DS3T3 5
Ea ) — V. P ik % + A TR PR o A A SR B Bk P jessenii CIP 1052747
&S s N M. R 52 - R8I A DA B 5, O 99, 93%. I8 6 % T bk
= — 2T Y A — . e Vo N N
%ngw . #;Ziﬁm DS3T3 5 A1 S5k 1 149 141 b =2 T 10 % 595 i A 3%
L FEACHL . AN NLEAN - N
. ., Rai i 4 M & DS3T3 &5 P.
wmmn | wmwe B RGBS B & 0 b 5
AU " ut i 20 . Jessenii CIP 1052747 £ [F) — 53 3¢ I AR 3 87 bR 119
74k + i 80 — TEASRFE A BEA LR AE .16 fRNA & A x5
i H.S — ik 25 1K S - PLK R G E WA R L] W DS3T3 & T
VE B K fif _ fif 2 14 it + Y & (Pseudomonas sp. ) .
67 Pseudomonas koreensis Ps 9-14" (AF468452)
29 Pseudomonas moraviensis CCM 7280" (AY970952)
51 7 Pseudomonas granadensis F-278770" (HG764746)
14 Pseudomonas helmanticensis OHA11" (HG940537)
Pseudomonas baetica a390" (FM201274)
53 | Pseudomonas reinekei Mt-1" (AM293565)
49 _I DS3T3 (KY780579)
Pseudomonas jessenii CIP 105274" (AF068259)
54 Pseudomonas vancouverensis ATCC 700688" (AJ011507)
681 pseudomonas moorei RW10°" (AM293566)
63 Pseudomonas mohnii Ipa-2" (AM293567)
Pseudomonas umsongensis Ps3-10" (AF468450)
99[ Pseudomonas migulae CIP105470" (AF074383)
o8 Pseudomonas gessardii CIP 105469 (AF074384)
7 { Pseudomonas synxantha DSM 18928" (JYLJ01000042)
oms Pseudomonas libanensis CIP 105460" (AF057645)

B 6 Btk DS3T3 16S rRNA H S &5 & F W
¥ R G LB MR AR A 5 4 32 _E B E R 4 1000 RT3 G AY Bootstrap B ;555 P98 GenBank & 55 5 LU il RS2 /R B AR 0] By a8 AL E 5



724 W M T Ok % % R 2017 4F B 37 &
3 W B X PRI R S W O R A R I T o AR DL AR T LA
3 (%

YRR Y e Y e KRB EEE
MR Z —, HAl, P 2R 04 KX LWk
AVFZ BAT ACC i 5 i 36 4 1) T8 Bk . i ACC i 42
it 2 AR A4 A TR R 1) R AIE T 5 AR SN S AR B i 3
HA ACC I & 5 1 5 B RE 0% 4 JF 11 2 005 2 il 43
B B TR R M R R AR W IR TR S PR S
7R A IR

it SCHRARE , 2 ACC i Z [ 7 55 T 20 nmol -«
KA/ (mg « W i, il e dE kg o A K. PSR B
/385 DSIG1.DS3G1 Fl DS3T3 B Fl () il 7% 77 19785 T3
AME, B bk DS3T3 B9 ACC B 44 B 15 1k &% 5. ik
0.3899 U/mg. il iz A= A= b DL S 16S rRNA K& A %5
SE A DS3T3 J& TP & RS s T2
AIRIE 1) [B # &8 P. brassicacearum Zy-2-1 (BTG 114
0.088 U/mg) " & B AR BB (P. putida) UW4
(0. 056 U/mg)M DA K ¢ Y6 B B M B (P. fluorescens)
STAD 384 (1% /14 0. 143~0. 208 U/mg)™ , i
HE— 25 1 S8 L e B T AR A EL A R 7 Bk 3R AR R
PR R AR AR AR O mT Lk A 4
HEE Y RUUR P BRI R T RS S B A A B A 1 B
TR v g Bk R T BE ) #0 BE AR A 4 A K
Fr s i L AR A AR K. S A A RS R L B
YRR R A B R A KL B I RE
1M DS3T3 Jr = A A R IO R e T oK 3R A5 A
VIR CWOE A B ST, B, SRR B (P
chlororaphis) FIE SR 1R AR B B (P. vancouverensis) 43
WA TAA RE S 23 i A2 30 75 BUR /N ZE 1 A K25
s JiR B2 4 R 6 K 2R o S 0 L 4 N AR A — 2 A
AR AE P EAR ST, P S B OR R & Bk
DS3T3 i3 J5 , H 1 8 5 0T IR AH L3 i 16. 22 %,
VBRI A K RE B3, I AR &
Z AR AR R ARRAE L IF H SC PR B B AE AR AR AR K
5 HEA — 5 R A AL

W PE DS3T3 [k AR AE K AEF A X PH R 25 9
JoT G AL At 3 B e EHG S o DR B R 2K T
5o LER T S BT IR 1 L B i 5 B A He
Hn 16.07 % . e PEAL PRS TR E EARR 2 —
FHBER B B & B3N T 27, 94 % = R B
772K 3 7 R 1 2 A /NI BRI T g R I i ) o
FHEH R B BT R Y T HAE DS3TS MERF
FEACRWEA B R B, BT 2 EWiES T
#hAE R UE PSR S LR T A AR

PPk DS3T3 7 H i A LI E A3 56 . HET#FSE
WL S BRI AR RAEMT PR R B ik
AR A o B 0BG Nt T AR T A R Y R R
HRI A S B A R B ELK A R B R A L ik E
112. 441 ng/ml. BT L, $E00 7K 4 R 7T BE 2 5 i 4
M EEY) 2 — DT E S — L LR IE

4 % B

A SCARAT I ACC it 2 I 15 M 35 5 1Y P+ S AR B
B Bk DS3T3 (Pseudomonas sp. ) » #i € DS3T3 E &
7135 0. 3899 U/mg. If HA £ Fh H B 42 A4 KARE,
A 455 [ 07 R AR DA S A R I RE T 5 1 T R
B FE LS B AR A 4= P & ; DS3T3 ik AR {2
P2 BARME P BRI 0T 04 6 B, B0 R AR
B = P S Ak DA R TSR A6 3 TR PR

S E k-
[1]LIU L. YANG D, LIANG T, et al

starvation promoted the accumulation of phenolic acids

Phosphate

by inducing the key enzyme genes in Salvia miltiorrhiza
hairy roots[ J]. Plant Cell Reports, 2016,35(9):1933-
1942,

(2] B A B N, Wi 4r, 55, 2 B R A F S 254
HPLO $8 20 & % i L B WF 58 [T, Wi v 8 TR 22 22 3R,
2016,35(3) :444-449.

[3] QIU D, SONG J. Danshen’s in Vitro Culture [ M].
Berlin: Springer Netherlands,2015:69-87.

[4] SZYMANSKA S, PLOCINICZAK T, PIOTROWSKA-

SEGET Z, et al. Metabolic potential and community

structure of endophytic and rhizosphere bacteria
associated with the roots of the halophyte Aster
tripolium L []J]. Microbiological Research, 2016, 182
(2):68-79.

[5] ZHOU L G, WU J Y. Development and application of
medicinal plant tissue cultures for production of drugs
and herbal medicinals in China [ J]. Natural Product
Reports,2006,23(5) :789-810.

[6] GLICK B R. Bacteria with ACC deaminase can promote
plant growth and help to feed the world [ ] J.
Microbiological Research,2014,169(1) :30-39.

[7] XUM S, SHENG J P, CHEN L, et al. Bacterial
community compositions of tomato ( Lycopersicum
esculentum Mill. ) seeds and plant growth promoting
activity of ACC deaminase producing Bacillus subtilis
(HYT-12-1) on tomato seedlings[J]. World Journal of
Microbiology and Biotechnology.2014,30(3) :835-845.



%58 Jo ELAE L ACC Tt 20 T IR Y 23 18 0 b 1 of 2 T AR AR 9 52 1) 725

[8] SHAHAROONA B, ARSHAD M, ZAHIR Z A, et al.
Performance of Pseudomonas spp. containing ACC-
deaminase for improving growth and yield of maize (Zea
mays L.) in the presence of nitrogenous fertilizer[ ] ].
Soil Biology and Biochemistry,2006,38(9):2971-2975.

[9] HOLGUIN G, GLICK B. Expression of the ACC
deaminase gene from Enterobacter cloacae UW4 in
Azospirillum brasilense[]]. Microbial Ecology,2001,41
(3):281-288.

[10] SHAHAROONA B. ARSHAD M. ZAHIR Z A.
Effect of plant growth promoting rhizobacteria
containing ACC-deaminase on maize (Zea mays L.)
growth under axenic conditions and on nodulation in
mung bean (Vigna radiata L.)[]J]. Letters in Applied
Microbiology.2006,42(2) :155-159.

[11] CHEN X, LIU X, ZHANG X, et al. Phytoremediation
effect of Scirpus triqueter inoculated plant-growth-
promoting bacteria ( PGPB) on different fractions of
pyrene and Ni in co-contaminated soils[ J]. Journal of
Hazardous Materials,2017,325:319-326.

[12] ¥ 3%, mk . TR, 55, ACC B2 M i 4 T vk ACC 30 1Y
oy g VHEE K HAR ZE AR LT U W o 4, 2013, 40
(5):812-821.

[13] SALEH S S. GLICK B R. Involvement of gacS and
rpoS in enhancement of the plant growth-promoting
capabilities of Enterobacter cloacae CAL2 and UW4
[J]. Canadian Journal of Microbiology, 2001, 47 (8):
698-705.

C14] BRIGTA: XA, TR, 5. B X P+ 5 R AR B iR 25 F
FHESEZ R TR AR m (], R 25 4435, 2011, 36
(10):1269-1274.

[15] CAO Z Y, SUN L H, MOU R X, et al. Profiling of
phytohormones and their major metabolites in rice
using binary solid-phase extraction and liquid
chromatography-triple quadrupole mass spectrometry
[J]. Journal of Chromatography A,2016,1451:67-74.

[16] ARFFER AW, WA T R % F MM Jb st F
SER AL, 2001,

[17] YU J, ZHOU X F, YANG S ], et al. Design and
application of specific 16S rDNA-targeted primers for
assessing endophytic diversity in Dendrobium of ficinale
using nested PCR-DGGE[]J]. Applied Microbiology and
Biotechnology,2013,97(22) :9825-9836.

[18] PENROSE D M, GLICK B R. Methods for isolating
and characterizing ACC deaminase-containing plant
growth-promoting rhizobacteria [ J ]. Physiologia
Plantarum,2003,118(1) :10-15.

[19] KONG Z., DENG Z, GLICK B R, et al. A nodule

endophytic plant growth-promoting Pseudomonas and

its effects on growth, nodulation and metal uptake in
Medicago lupulina under copper stress[J]. Annals of
Microbiology,2016,67(1) :1-10.

[20] RASHID S, CHARLES T C, GLICK B R. Isolation
and characterization of new plant growth-promoting
bacterial endophytes[ J]. Applied Soil Ecology, 2012,
61(5):217-224.

[21] KLOEPPER J W, LEONG ], TEINTZE M, et al.
Enhanced plant growth by siderophores produced by
plant growth-promoting rhizobacteria [ J ]. Nature,
1980,286(2) :885-886.

[22] YANG S, ZHANG X, CAO Z, et al. Growth-

ZJSH1

through

promoting  Sphingomonas  paucimobilis
associated  with  Dendrobium of ficinale
phytohormone production and nitrogen fixation [ ] ].
Microbial Biotechnology,2014,7(6):611-620.

[23] MISHRA P K, MISHRA S. SELVAKUMAR G. et
al. Characterisation of a psychrotolerant plant growth
promoting Pseudomonas sp. strain PGERs17 (MTCC
9000) isolated from North Western Indian Himalayas
[J]. Annals of Microbiology,2008,58(4) :561-568.

[24] LIU H, HE Y, JIANG H, et al. Characterization of a
phenazine-producing strain Pseudomonas chlororaphis
GP72 with broad-spectrum antifungal activity from
green pepper rhizosphere[ J]. Current Microbiology.,
2007,54(4) :302-306.

[25] JAAKOLA L, TOLVANEN A, LAINE K, et al.
Effect of N°-isopentenyladenine concentration on
growth initiation in vitro and rooting of bilberry and
lingonberry microshoots [ J ]. Plant Cell, Tissue and
Organ Culture,2001,66(1) :73-77.

[26] REED B M, ABDELNOUR-ESQUIVEL A. The use
of zeatin to initiate in wvitro cultures of Vaccinium
species and cultivars[ J]. HortScience, 1991, 26 (10) :
1320-1322.

[27] DONG J E, WAN GW, LIANG Z S. Accumulation of
salicylic acid-induced phenolic compounds and raised
activities of secondary metabolic and antioxidative
enzymes in Salvia miltiorrhiza cell culture[J]. Journal
of Biotechnology,2010,148(2) :99-104.

[28] HAO W F, GUO H B, ZHANG J Y, et al. Hydrogen
peroxide is involved in salicylic acid-elicited rosmarinic
acid production in Salvia miltiorrhiza cell cultures[]].
The Scientific World Journal, 2014 ,2014 . 843764. doi:
10.1155/2014/843764.

[29] GUO H, ZHU N, DEYHOLOS M K., et al. Calcium
mobilization in salicylic acid-induced Salvia miltiorrhiza
cell cultures and its effect on the accumulation of
rosmarinic acid [J]. Applied Biochemistry and

Biotechnology,2015,175(5) :2689-2702.



726 W M T Ok % % R 2017 4F B 37 &

Isolation and Screening of Bacteria Strain with ACC Deaminase
Activity and Its Effect on Hairy Root of Salvia Miltiorrhiza

YOU Hong' . PU Qian" » WEN Fang'*+ RAO Junfeng® . L1 Ou'+ HU Xiufang'
(1a. College of Life Science; 1b. Zhejiang Province Key Laboratory of Plant
Secondary Metabolism and Regulation, Zhejiang Sci-Tech University, Hangzhou 310018, China;
2. Linjiang School, Hangzhou Vocational and Technical College, Hangzhou 310018, China)

Abstract: To study the effect of 1-aminocylopropane-1-carboxylic acid (ACC) deaminase from bacteria
strain on synthesis of secondary metabolite of Salvia miltiorrhiza, rhizosphere bacteria strain of the
highest activity of ACC deaminase obtained via screening was used to induce hairy roots of S. miltiorrhiza,
and analysis was made on the difference of hairy root biomass and medicinal active substance content before
and after induction. The results indicate that the bacteria strain with highest ACC deaminase activity is
DS3T3 (of deaminase activity up to 0.3899 U/mg), which turns out to be Pseudomonas sp. through
identification. Through treatment with the bacteria strain (DS3T3), the dry weight of hairy root of
S. miltiorrhiza has increased by 16. 22% comparing with the control group, and the total phenolic acids
by 16.07%. Further measurement of DS3T3 shows that the bacteria strain also has the abilities of nitrogen
fixation, iron production and the production of phytohormones such as indole-3-acetic acid, and salicylic
acid. Therefore, the bacteria strain (DS3T3) can be used to improve the yield and quality of S. miltiorrhiza.

Key words: ACC deaminase; biological nitrogen fixation; siderophore; phytohormone; growth-

promoting effect; Salvia miltiorrhiza hairy root; salvianolic acid; Pseudomonas
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