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B OB RATLEEaMmEE KNFRDLZHRIFLEFTHBED 2 KP4 -REAKRIR-1-RR
(ACC)PLZ B 4 B ¥k AS F= CS. 2N Z HE & AS F= CS 49 ACC BLABEH)HLE /14754 0.018 6 U/mg
F20.016 7 U/mg & & . ARIEIZFRAFIEN R A4 22 4 LA5 AT T 45 R, 446 16S tDNA #8557 )
T ARG R FH RSN, #EE M AS FE Ak CS 27 B T E KW AT H (Enterobacter hormaechei)
Fo T 5tV F KA (Serratia proteamaculans).
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Isolation and identification of wheat rhizosphere bacteria
producing 1-aminocyclopropane-1-carboxylate (ACC)
deaminase from drought soil
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(Northwest A&F University, College of Life Science, Yangling, Shaanxi 712100, China)

Abstract: Two bacteria strains marked AS and CS, producing 1-aminocyclopropane-1-carboxylate
(ACC) deaminase, were isolated from wheat rhizosphere of drought soil. The activity of ACC deami-
nase from AS and CS strains was 0.018 6 U/mg and 0.016 7 U/mg protein, respectively. Based on the
cultural morphological features as well as physiological and biochemical parameters in combination
with 16S rDNA sequence analysis and sequence homology analysis, the strain AS and CS were identi-

fied as Enterobacter hormaechei and Serratia proteamaculans, respectively.
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[P R A Bk B i R L AR, NRIREER
A NE R AR & v ™, (B A R T /KA +
Herm g . RSS2 T A R R, G0 A
IR TR . L, 239 B S rwE 77 .
FFH AR Wyt 52 = VR AE S BE PRI T 1 7 i B
RS MBS R X,

WA Y A7 TS a R, S S BUR R MK
W30 . M B R R4 1- 2 5L BR T b -
1-JR IR (ACC)Fifi 7% 15 W i b T B A8 Wy v, 1340 J5 25
It R AR, REOCARE T TR,
YE PeRRARI L 1978 4F Honma 25 A 35 ()i B
T Pseudomonas sp. "o &5 &4 ACC B
Ak, FfJE E AR X — A AT T ORE R
5%, CAMBIERT, e TH YR PR R4
ACC Bt 2 i ) SR A0 8 PIRT DU 20 A B 14 i 4 -
ACC JKff A o T HIRRY), JFKEX 2 Fh o3 4
SRR NOJEAT C R I, AT AR R 38 2 0
Y T, R 0 B B A T AR ) 3 ) 1, AR R A
PR HEk = B, B E X — 40 5 5T
TAEFF A Z, Feilere F /N o ASCGEN
B A 1) 7 0 1 DA b N 2 AR B 5 rh 43 1
Witk ACC A B R AR, JFXTH#AT 1 F2E
W2 S AR PR A AL RR R Y

1 MRS HE
1.1 ##
111 #EaRIR: HEaR H PG IE AR K/
TR s St /N AR PR
1.1.2 EEBLEMIXT: ACC (A-3903)1 H 3 [H
Sigma /A H]; K DNA $2 BOLF [ AL 5 A v A
PIHARAGBRA A, B RN & K PCR {5 1
H TaKaRa A ], H gl h E =t

PCR X (#%[E Eppendorf /\#]); BRI (2
[ Bio-Rad /A w)); # & 58AM 5 6 AL (L H
NanoDrop A 7] 4 77 ) ND-1000 %),
1.1.3 #HEFE: FHEKFH A PAF (Pseudomonas
agar F)Iifebk(g/L): AR 10, BEEEKM@Y 10,
Jo/K MgS0, 1.5, K,HPO, 1.5, Hl 10 mL, pH 7.2,

e g3k DF $hR5 973 (g/L): KH,PO, 4.0,
Na,HPO, 6.0, MgSO,-7H,0 0.2, %W 2.0, Hizibs
iz 2.0, ¥R 2.0, (NH4),SO, 2.0, fhiE It R:
FeSO,-7H,0 1 mg, H;BO; 10 pg, MnSO,-H,0
11.19 pg, ZnSO47H,0 124.6 pg, CuSO4 5H,O
78.22 pg, MnO; 10 pg, pH 7.2,

T & B 35 55 (DFa): 48 ACC ¥ T4 4li /K i i
0.2 pum MYREFEATHMIE KA, ALK 3.0 mmol/L
AR FUSE KA Y DF bR 3Rk,

SYEaifbIEFE AL T DFa s B 5 i Az
JI§ 15-20 g/L.

TSB #5575 (g/L): [ FIR 17, KUk 3, NaCl
5, H%iME 2.5, K,HPO, 2.5, pH 7.1-7.5,
1.2 A&
1.2.1 #HELGER ACC A EHAEMNSE.
TRIEFN S B LAk B TR [l 1) 0 ff /)N 22 AR R AR
R, BRI L, ReBRRBREIRR, DG /NE
PR3, BT g /ANZMRBREIMA R 50 mL B
PAF B2 h, SRJ5 T 28 °C., 200 r/min 7K iAIR 7 15
FE24 h e, MR H 1 mL A B B A A4 11K,
IEE 2 BRI E 1 mL N A E] S 50 mL LH
DF #5770 b, fHIRKIBIRG 3% 24 h, K5 R
ST PR RE 1R WH 1 mL BRI IR E &
50 mL JCI& DFa #5381, MHFIZE T 155% 24 h
W 3 G, B EEFR B DFa BE 5 W rh w2 i iR
T aifb ARG R, 28 °C [HAE T 3%, 7§
K BRLRR 7 S PRI TR VR 2l AL JS PR A7 T TSB K5 973k
AR
1.2.2 ACC BEBESFEMMMNE: SHF k7 TSB
R IR i A 3R, 4 °C B0 RS, BRI A DF
ER 3% R W ORI R 8% )Tk 14 25 0> (8 000%g, 10 min)
3K, EHEIET DFa 8537, 28 °C. 200 r/min i
SR 24 h, WA R ACC AR . 4 °C .0
WA, JH 0.1 mol/L Tris-HCI 28 /% (pH 7.6) Ut
BB O (8 000xg, 10 min) 3 ¥k, TEIFT 600 puL
0.1 mol/L Tris-HC1 ZZ /¥ (pH 8.0)1, S A 30 pL H
FIFHHENR Y 30 s LABEREZR A . 5L 200 uL 55 H A1)
YOI B, A 20 uL 0.5 mol/L ACC %), [Flit
ORTR I ACC 1975 FIX IR, 30 °C K557 15 min,
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AN 1 mL 0.56 mol/L HCI, 16 000xg &5.0» 5 min, H
1 mL 35, finA 800 uL 0.56 mol/L HCI £l 300 L
2,4-fi FE R Mk, 30 °C &I 30 min, JIA 2 mL
2 mol/L NaOH, HI$4M ) EEAUAE 540 nm il KT
WEWOREE, Dhoo-TEIRRSIE R EM 2, AR B2
W o- T HRER A5 &, THE A I ] ACC I 2
et ACC ERE o THRRR MY, BIEAA7EGTS T, M
umol/min FE/RE,

R U7/ B A s N el = Bl =L el o
Bradford™ i i, LLA- I3 & b & A 5 (Pl
FEARUERE o SRS FH B T B DAEVER VR BE D L
% 1(Umg) R ACC i & s 0,

123 BEHEBIEE: (1) BESHILE &4 B R
FRAERINE . #F LB R 3 F A SR VR B A, R
FHHE 22 [ 8 5 A6 R T SR IR TE A .

SRR 5 BR AN B o DN 22 G0 % Tk ) 1)
IR (A2 s s ) UHBr s (0 5 56 5 s bk
AS. CS #FATA AR IE I A2, Anmg| il 5 |
VP S, HRBEHSS A2 R SUK fif B . W
. WA . PR A

(2) 16S rDNA JFFIF 5 RS Kk & W 14
%% Terefework 55(2001)1 75 L4 HU AS J2 CS Ttk
5 DNAM, G144 !k 518 27 5-AGAG
TTTGATCCTGGCTCAG-3'; 5|4¥) 1522r: 5-AAGG
AGGTGATCCAGCCGCA-3', i LA T A9 T /7%
ARRAF5ERL . W f A s R AE R A BR 54T
28 A SE

FKHIE 5S4 27f: 5-AGAGTTTGATCCTGGC
TCAG-3' (Escherichia coli X} E K 8—27)F1 ) [f]
¥ 1522r: 5-AAGGAGGTGATCCAGCCGCA-3'
(E. coli 7 E N 1541-1522)1, DI40TE 4 DNA
AL, PCR B Z5F4: 95 °C 5 min; 94 °C 1 min,
51 °C 1 min, 72 °C 2 min, 36 ~E¥F; 72 °C 10 min,
I 16S tDNA JF, 28 1%5E I8 RHEEI B Ik 43 55
DNA Jig M & ik AT e alifbf5, k% pGEM-T
Easy #i&, #4L% E. coli IM109 B2 5401, ]
Amp (100 g/L)F1 IPTG/X-gal 2 F 7% HE47 B e e
Tk, Sak v 2 BRI HE ARG

http://journals.im.ac.cn/wswxtbcn

FRETAEA RIHEATIN T . SEEHAES IR (b st
BPerE ) 45 3

B 15 7515 GenBank %% 2 vy 5 A7
BLAST 437 LT, 2 BCTw) U5 14 458 w8 %) B Ak 5 O
AS. CS ] ClustalX 1.8 # {17 2 5 5 51| DL AL HES
58T, FH#F TREECON (version 1.3b)H1AYJ Tree
drawing program FJH R G K F W .

2 ZRS540h0
2.1 ACCIEEEMEKMESE. FENS S
FIH PAF 3557 5k DL w48 {5 P 3 R0 i 40 T O ik
DB FEFT BUR R W, SRS A T e B AR
o IE R RS RN 4 B Al A IR, RN AR
PRt rp 3RS = A ACC A BRI 4N B 2 ¥k, 2 Bl
% AS. CS.
2.2 EFk AS #1 CS B ACC B R BEiEE
T 0 A TR AR A AR O T ACC i AR
MG =40 o- TR & 5, TH5 1 AS 1 CS 41 il
2 W b ACC Wi & B AL B TS M o0 A
3.87x107 pmol/min Fl 3.14x107° pumol/min, IME
FETE AS R CS A T 14 20 M Jel 42 4 v il 2 1 5
350k 1.043 pg F10.938 pg. Frlh, AS Fl CS HY
ARG B g ACC B & W IS 1 48 Bk
0.018 6 U/mg 1 0.016 7 U/mg.
23 BEHkASTICSHILE
231 S Wk AS PAGTE 2L IR
K. NG EST . FRERIEGH . HEANEW ., BE
Kt (B 1), 2R I8 o A FFR
(0.5-0.6) umx(1.2-2.4) um; Fkk CS A HE @
AW, NGRS, RIEOGH A BE, WV %R
HARZWPRE 2), E2REA MM BiE T
AR (0.5-0.7) umx(1.0-2.5) um,
2.3.2 EEENNESER: Fik AS 1 CS A A
TS E 2 UL 1. bR AS REAR G Y FI FH 4 25 b,
REWE . HEEE . MPEERRER AN RS, HORRERE
i A R AW I B R N D - U UL TR S AR
ANEAE RN TR, JorsI M= 5%, Mk CS
CIRDEI DA N N1 5 o DR R A BN
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PRTN ZRR 3k i o B3PE EORRE A B . 21 4 —h
o B5A AS HI CS TEAR IYIE S FRIEFIAE 3 A (L RF1IE
SRAHEE, W CHILATE R G508 T $128 5
Wr ik AS F1 CS 73 il 5 & I i 1 AR JE BV
PRRIF—3K .

233 RGEHAMIWEREDH: FPk AS Il CS
16S rDNA ] PCR ¥ 3434153 7 —2% 1 500 bp &£ 17

1 EAS MEEER /N S (D 3), H4 I TS DNA 3 FE 51 5
Fle- T Colony ofstrain A3 NCBI ¥ %2 BLAST Lo X, &5 500 AI508302
r o p N Tl AJ233435. SRR AS 7 I 2 1 00 T bk 2 T

%1‘?%}% HEH CS MU N E KR T
IRVP TR, J ol ok BB = 3k AT R G2 R B 204,
Ml DNAMAN #PFiEAT Z Fe s X I R Lk &
W(E 4. K 5), ATLIEH, Wk AS 5 Enterobacter
hormaechei (AJ508302) T [a]—43 3, H[A] IE
2 EHCS MEEE R iLE] 98.25%; Witk CS 5 Serratia proteamaculans
Fig. 2 Colony of strain CS (AJ233435)%?E9§3}'§Z, H R PR M K5 99.60%,

=1 BERKASTI CSBIEZ TS (4H{T

Table 1 Physiological and biochemical characteristics of strains

il 750 WA T30 WA
Test item AS CS Test item AS CS  Test item AS CS
g e 77 A - = BB k(22 °C) = +  L-BRrmE + +
Indole production Gelatin liquefaction L-Arabinose

i Sker = = [ 2 + - AREEEE - +
Methyl red Malonate utilization Raffinose

V-P X5 + + D-7 & HH 7 B2 + +  L-FAEpE + -
V-P test Acid production on D-glucose L-Rhamnose

R AENCIESRY) + + D-H A=< + + RN + +
Citrate salt (Simmond) Gas production on D-glucose Maltose

H,S (75 =Bk ) = - ik = - D-AH + +
H,S (TSI) Lactose D-Xylose

i ity + - bk + S +* =
Urease Sucrose Cellobiose

TN 2 R I 2 i - - D- 1 #& 1 + + Ak + +
Phenylalanine deaminase D-Mannitol Denitrification

R XK it ity 4 = [ - L e - +

Arginine hydrolase Inositol

B + + D-1LI 24 = i

Mobility D-Sobitol

e B - B

Note: +: Positive; —: Negative.
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b2 M b T U SRR ) A KA1 A AR B 40 2 (PGPR)!
16S tDNA J3 511537 14 5 55 2 5 2 R FE B RG A
FETEBIF AR 6D S5 16S rDNA 331 [w) 614
ST 5 T A AL B AR 45 A i H e bR v 1 1
o D, AR BB F AN A SOR
700 16S tDNA 4551 4145 & HW A B AF Ak 3k
0 LRI LR AT, TS HIE AS FI CS BCHT B 4051
. o I8 T LS I FT B S I BE VD 6 TG I
B3 BfRE# AS 1 CS B9 16S rDNA B kBt

Fig. 3 Map of PCR products of 16S rDNA electrophoresis
with 1% agarose gel

7H: 1: AS; 2: CS; M: Marker.

Note: 1: AS; 2: CS; M: Marker.

3 i
AR SR A B AR 8 W e L, M/ EE AR PR
-4 rh A B B AR AR ACC 2 I G T Ak L HE ACC
58 il 0 R /N R B SR A SR, S PR TR AT DA
T ACC MRiFREE LAEK, Btk py =4 ACC
JIR S I . XA A AR K AT e A AR A AR At 1,

YR A N R BUAE /N A A A T B B, AR B A R
FERRE LRI GO0, oz i B A i
SR TR . BT IR AT IR P, x5 3AT
e 53 5 AR B 20 1 P90 I AT s — 2. T A5
A I 5E /N A YRR BB H LSS ARl A W A 8 B e B
{2 2P M AT R O SR A BT Y, 3 S A — S
FREE LT, 15 FATT 0 8 (B AT R — 2. 1988
A B 3 AT 1 T [ 5 b SR AN B A VD A
J AP AR TV R T R SR AR A, A
LT e A AL BB

0.02 |

[_|— Leclercia adecarboxylata LMG 2803 (GQ856082)

s AT 11T

201
89T)

Enterobacter-fudwigii EN=119~(AJ85389
iE:TM
[ Enterobacter hormaechei CIP 103441 (AJ508302)

Citrobacter freundii CFRRR16SA

84 |— Enterobacter cancerogenus LMG 2693 (Z296078)

51

——— Enferobacfter asburiae JCM 6051 (AB004744)
62 Pantoea dispersa LMG2603 (DQ504305)
Enterobacter pyrinus KCTC 2520 (AJ010486)

100 Pantoea punctata DSM 13700 (FJ756351)
Pantoea terrea LMG 22051 (EF688007)

L Pantoea citrea JCM 8882 (DQ838096)

95 Enterobacter dissolvens LMG 2683 (Z96079)
r_ Enterobacter-cloacae- ATCC 130471 (AJ251469)

100

Enterobacter oryzae Ola 51 (EF488759)
Enterobacter cowanii CIP 107300 (AJ508303)

Enterobacter kobei CIP 105566 (AJ508301)

Enterobacter turicensis LMG 23730 (DQ273681)

77 . 1 AT 11906 (ATFTI00R9)
reosielia prieumonide Suosp. ozaeriae ATC U 1TTZ70 (AT 1OUT64)

Klebsiella pneumoniae ATCC 13884" (Y17657)

ee ———————— Klebsiella singaporensis 1LX3 (AF250285)

http://journals.im.ac

_I_E Klebsiella variicola (AJ783916)
55 “— Kpneumoniae DSM 30104" (X87276)

Bl 4 E# AS 89 16S rDNA HIFFIRFE X EH
Fig. 4 The phylogenetic tree based on 16S rDNA sequence of strain AS
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54

96

0.02
L |
I 1
Serratia proteamaculans DSM4543 (AJ233434)
Serratia grimesii DSM30063 (AJ233430)
55 Serratia liquefaciens CIP103238" (AJ306725)
CsS
73

Serratia proteamaculans DSM4597 (AJ233435)
100 100 |: Serratia sp. C1(2009) (FJ790328)
Serratia fonticola DSM4576 (AJ233429)
Serratia plymuthica DSM4540 (AJ233433)
Serratia ficaria DSM4569 (AJ233428)
100 L Serratia entomophila DSM 12358 (AJ233427)
Serratia odorifera DSM4582 (AJ233432)

98

88
95

Serratia rubidaea JCM1240 (AB004751)
Serratia ureilytica NiVa51T (AJ854062)

Serratia marcescens DSM30121 (AJ233431)
Serratia nematodiphila DZ0503SBS1 (EU036987)
Serratia marcescens KRED (AB061685)

5 &% CS B 16S rDNA MIFFI ARG A B
Fig. 5 The phylogenetic tree based on 16S rDNA sequence of strain CS

TR THM A ACC i 20 240 74 1) 45
KW, H Acbrombacter piecbaudii ARV S fEFN A
4R T A R AR T T S a5 S 0 2 i
Az, IF H MK PR IR R B TR IR E S
AAIF T 18 5 AN 52l /N 22 AR B L 3 0 %6 77 2 ACC
JI50 Tt A TR PR, R U I N TR R M, R
JE AT RE R A BRI EFIRE ST . BT X 2 BRI Al
BT B pE B NERBR S, XINE AR A R
ARtk — 2T
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BRI Ry KA i (AT ) GB3100-3102-93 AT o FAAIAF5 4 L SN (TEAR), AN Fe i BE A X A4
SHATIEM . PR A TRIE IR LA A S AT, AR S RIT .
W HHAT d; /N by 38 ] ming BB s 53R
VSRS : ] mol/L, RN M (G4 ¥ BE)FI N CH ik BE ) SR I R

e A r/min, A rpm.
ZEYRE T ) Pa B kPa. MPa /K.
e H oD (RHMR)FE R

YRR T BB D 5 kD, A% bp 3k kb %,

P T BB A Ay B R . )RR AT S R ATRMA, B HIEAATT HIE S HG S, Ban: ¢ (h) (GRS,
Ffi /N o A BUE R ERAL: TR AR REA S, BB Z AN — 2 4% (%FRAh), il 20 cm=0.3 cm,
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