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Screening and identification of a nitrogen fixing bacteria with
1 —aminocyclopropane —1 —carboxylate deaminase activity

CHEN Qian, HU Hai-yan, GAO Miao, XU Jing, ZHOU Yi-qing, SUN Jian-gnang*
( Institute of Agriculiural Resources and Regional Planning, Chinese Academy of Agricultural Sciences/
Key Laboratory of Crop Nuirition and Fertilization of Ministry of Agriculture, Beijing 100081 ,China)

Abstract; ACC (1 —aminocyclopropane —1 —carboxylate) deaminase is a common characteristic enzyme in plant
growth promoting bacteria (PGPB) in rencent years. Many ACC deaminase positive bacteria have the ability to
increase plant resistence against environmental stresses like drought, flood, salinity and high temperature, there-
fore, screening and investigation on the ACC deaminase positive bacteria are important for agriculture. In this
work , one strain designed as 7037 was screened. The results show that the ACC deaminase activity of the strain is
2.530 wmol/ (h - mg), protein and the nitrogenase activity is C,H, 10. 068 nmol/(h * mg), protein. The strain
7037 shows a relative extensive utilization for carbon sources and strong environmental adaptability, and is identi-
fied as Arthrobacter sp. The pot trial shows that the fresh weight of Chinese cabbage inoculated with the strain 7037
is increased by 139% compared with the no inoculation control. The strain 7037 is possible to be further developed
as an excellent strain for microbial fertilizer production.
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#4n AR ERENSKE L O, X REYXH
BB —Fh A BN WS N, (H 5 B 246 X & S BUEY)
HARKRKEZHERRT, 1 -FEFRE-1-RR
(1 —aminocyclopropane —1 —carboxylate, ACC) &4 i
CHEEIRTARY R, E4E R R B, F B YR 4 4TS
(Plant growth promoting bacteria, PGPB) B ACC
Jit BB TS, BEASHE ACC 23 LA o - T B BR IS
> A B, AT R AR % 338 5 R R, $R A
Yrpsae " TR A DR A SR MESR
B ER™  E A TIR AR ACC B
FE TR A R A . ASTARE
4 13 METH BB XK 70 4 HEER OB E R
B 103 ¥, BE—2B 0k ACC BB PR 1 o
1 AR5
L1 EHkEmSEA

IRl 18 [&E 98, B Azotobacter chrooccum ACCC11103
IR THIIRER , 2 BRI YT A 7= % R A, B
BRI T b BRI A 2B IR SR X R 5T B
BN A PR A I SE B, AT AR AR FH i
MREK. MYREETEHEERE (BREE
Sclerotinia sclerotiorum) . EXFREBRB(EXFER
Gibberella zeae) FIFGIE EHZEIRE ( KINE A HE Verti-
cillium dahliae) B ¥ B R B Be Rl BIR 5 R0 X R
T A KBS 5L 3Rt o

JR 4G TR 70 320 Bk B LR SR L T
TLALAR B TR AR GHE A BN I
BRIFIB3AEMEER, EEBREERKH/NE.
KRB EAKKE K. B3K. DREFIEYRER
W B R 8 b Ak %R0 2 B Al Sigma
AT,
1.2 fExE

ToRIEFREE: BEFE 10 g K,HPO, - 3H,00.5 g,
NaCl 0.2 g.CaCO, 1 g MgSO, - 7TH,0 0.2 g .B¥R-E
0.5 g Brfg 20 g 717K 1000 mL.pH7.0 —7.2,

DF 353 ™ . KH,PO, 4.0 g.Na,HPO, 6.0 g,
MgSO, - 7H,0 0.2 g #i&kE 2.0 g HE IR 2.0
g SR 2.0 g, (NH, ),80, 2.0 g, H4r— HR—
B4 0.1 mL.H,0 1000 mL.pH 7.2, HPHp—
>4 H,BO, 10 mg,MnSO, - H,0 11. 19 mg,ZnSO, -
7H,0 124.6 mg,CuSO, * 5H,0 78.22 mg,MoO, 10
mg 75T 100 mL K EZEMK P ; H =4 FeSO, -
7H,0 100 mg 3 F 10 mL KA,

ADF $E5R 2. ¥ ACC ¥ TH4K, I8 K,

InEAE (NH, ),S0, HK T DF i, ARk E
5 3.0 mmol/L,

ToOlpesE s A H%KE 10.0 g, (NH,),80, 0.5
g.NaCl 0.3 g.KCl 0.3 g, FeSO, - 7H,0 0.03 g.
MgSO, - 7H,0 0.3 g, MnSO, - 4H,0 0.03 g,
Ca, (PO, ), 10.0 g 3%k 1000 mL. g 20. 0 g.pH
7~17.5,

AYlpsEsr st #%KE 10.0 g, (NH,),80,0.5
g.NaCl 0.3 g.KCl 0.3 g,FeSO, - 7H,0 0.03 g.
MgSO, - 7H,00.3 g, MnSO, - 4H,0 0.03 g. CaCO,
5.0 g BPBEAR 0. 2 g 7818 /K 1000 mL.BrAR 20.0 g,
pH7~7.5,

1.3 BERESBREZHEETENNE

T 20 T 4 4 T [T RS e U T i T LS

BRi5].

1.4 ACC Bt & BgPH M E g R iE R E

1.4.1 FHEEKIEE 2% Glick ™ iJrek, 10408
FMHNAERRE, ZAS L BELRERE T,
30°C 200 r/min ¥R 5 IEF 24 h; WE F RIBFHEEK
0.1 mL 32 5 mL DF 355353855 24 h; REL
LR 0.1 mL #Fp 2 5 mL ADF 3R iR
Y3EFF 24 —48 h; Wi ADF HAEKWEMER %
B 35 5%, LN ADF 38 AR B MEXT R, BREE LU
ACC HME—REIFAEK W BB A ACC i & B FH
[0 38

1.4.2 ACC RS HNE S Honma'® fI
Glick F75%%, 1 5 mL TTRBH LR BTGB, R
B 0. 5 mL 3 %EM ] 60 mL 3B $,30C 5%
24 ~ 48 h,4°C .8000 r/min B.[> 10 min B K,
Fﬁ 15 mL X\%ﬁ\( NH4)ZSO4 B‘J DF I@Wﬁ?%ﬁ%b%
W2 WA ERT 24 ml ADF 355 EH,
30C #5524 h, I EFHICFEERER, 0.1 mol/L
Tris-HC1 2P (pH 7. 6) BSO YRS BE 1A 2 Ik, B8
WAEBITE 3 A EP B, 20C I, BUCFFRE K
HET1mLO0. 1 mol/L Tris-HCl ZZW¥# (pH 7.6) ,
12000 r/min B.[> 5 min EE K, EETF 600 pL
0. 1 mol/L Tris-HC1 2B ¥ (pH 8. 5) #1, /M A 30 pL
2, IR 30 o BEAE4 A, B 100 wL AH PG W
4CIHFRTINEEAKE; HAMMB®HTT ACC
Jit BTSN E . BUMLEEWE 200 WL A 0. 5 mol/L
ACC 20 pLiES, BF 30°C /KRN 15 min, A 1
mL 0. 56 mol/L HCl & |} & Ji7 ,12000 r/min B.0> 5
min, B E#E 1 mL, it A 800 wL 0. 56 mol/L HC1 #
300 wL0.2% 2,4 - —F4EHE BEE W (2 mol/L HCl
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FYE %), 30C R 3R 30 min; A 2 mL 2 mol/L
NaOH {57,540 nm U EEE . IR o -~ T B4R
TR 2R AR B I SE s v 2R 7T T R Y I
ACC AR AR TN RMNANT , G mg BEE
HE/hrt 4L ACC BREJE M o - T BR A pumoL.
B, 8 R a-TH R pmol/(h - mg), protein],
|HE W ER A A, U4 iE B & B e s
Y. MESRRA 3 KEENFIE,
L5 HBEHmEEEBNE

KA ST . 78 PDA AR EEE R .0
2 em KPS B2 BRI IR BB (B & & Sclerotinia
sclerotiorum . E KRB Gibberella zeae . TN H I H
Verticillium dahliae) FIHLIRE M. B L4 3
WHEE, D H R R A E R O R
28CHEIRIESF,15 d J5 2K 2 B R &8 Xt iks-F 4R
R R R I [ R T T R R R AR B
R BR IR R B BBV PR oo RIREEA R
HlZ(%) = (FHRFR r, - SRR IR R E R %
A1 1) /SRR 1 x100% ,
1.6 nifH EEH 5

FHESEICER[8], HFRMIKE 18 h, PhE D
WH % 1E 0 PCR B4, IE W3] #: 5’ - GGCT-
GCGATCC(CGA ) AAGGCCGA (CT) TC (CGA) AC-
CCG-3', R 5|#¥.: 5'-CTG ( GCA) GCCTTGTT
(CT)TCGCGGAT(CG) GGCATGGC -3, WK A:
2 x mixTaq 25 uL,5|#)(20 umol/L)2 uL, iR EZ,
FAZKAHE] 50 uL 4R R, RBMARSF: 95CZAEHE 1 min,
58°CB K 1 min,72C FEff 1 min, 3k 35 E 3R,
DNA F7 315347 K[R8 5347 77 ¥ [F] 16S tDNA,
L7 BEigEARaE

73 BRI T BRI 7 B FNA DB 77 2, it
BEKAER TR, REIANERE, BT 28CT
57 10 d, W 2 B aEIE U HE RN, H
W LR AR BT BRI o
1.8 EAEEEUBENE

TR B A A AR R E TS LA B
RAEXEFMY S A w2 sm)
1.9 BE# 16S rRNA FIIE .. RAX B SRS
KLEE

16S rRNA BEEY HFFNE 5 REF S
FCHER[ 1], B 7L X R A EzTaxon 1 NCBI
AR, RRFEHAIYTR A Mega BIF RS
1.10 EERAVERIRFI A SHE M
1.10. 1 RIFFIA  RrmdRact I8 2K 5 5 hn ) 40 e At

3eF#™ [ (NH, ),S0, 2.0 g.MgS0, - 7H,0 0.2 g,
NaH,PO, - H,0 0.5 g.CaCl, - 2H,0 0.1 g.K,HPO,
0.5 g.Z&M%7K 1000 mL.ZEHE 20 g.pH {H 6. 5] 9, A&k
R 1% ,H BT, 35 R BT R I,
FRAEE KB L YRR 3 K, A B ODgy i 1.0,
BAPARER 10 uL W, BFHFME, IEREKE
o BLiRARIRILTT 35 F , LR EBE 0 FRMEXT IR, Jhk
BAENAMEX R, M3 RER
1.10.2 MEENYE RALREFRESFIFE 4C,
28°C \37°C .60°C 3% WLEE . 10 % T8 M 19 18 B 35
%, 803 RER,
1.10.3 Mt Ehtk  AEEITLREILFRE NaCl ¥R JE 53718
2% 5% 1% \10% , B4 08 3 WER ,B7 WE.
1O R BERRT £
1.10.4 iR M AEITERIEFRERE D 5N
pH3 .pH4 .pH5 .pH6 .pH7 .pH8 .pH9 ,pH10 . pH11, &
ANEHE 3 RER , 3B S 10 SR R AR BRI o
L11 EFHPRNLE

FHESE IR [11],

2 FR5SiHhe

2.1 BRESB. MEEREREEREM ACC i
SEEE

S KRB BRI MR ik, X0 E TR
BIAETTRIEFHE AR B Y 103 #, 2FK
BT EREEE; SE—RAR 1 REAEEA
ACC iR E TS, 45 7037, WAk 7037 HY BE&
BETE M C,H,10.068 +1.431 nmol/(h + mg), pro-
tein, ACC i & B8 15 M4 o - T HI R 2. 530 +0.230
pwmol/(h - mg) , protein,

#t B B R BRI SCERURRE , Rl it B E A
P T AT ACC i U R B B R G ok I BNHRGE , A
X—gORE , Wk 7037 AR A, PIRER,ACC i
FEFEH N o - THIER 3.6 ~ 5.2 pmol/(h * mg),
protein F{EAE IR B & BOF B # R Bl mHi B
AEH" VAN o - THAIRR 2. 1~5.0 pmol/(h - mg),
protein FMEAE 410 © £ RBIS 28 1 SR T SEFP 7 B9 Tt
T, AT YRR 7037 Bk A B RS
P, 3CH ACC Bia e i, RA R HE 4 i
HhEo
2.2 ESEBEFESHMETE
2.2.1 RS RAEMAELSE Wik 7037 ZE LA
FEE EWEES AR OLE, a6, M ER, B
B, REDEEEE, A%EST; BHEFR,0.5 pm x



1518 EEREREB%I# 17%

1.5~2.5 pm, Jo3F A, B2 RN, MBRBERH
e, R R IREL , X PEBR R A B AR S B, AR E AR

HAFAEINZR 1 BT o

®1 EIRE 7037 BARHI £
Table 1 Physiological and chemical characteristics of the strain 7037

AT AVAPE A B AVARAE
Physiological and chemical HBER Physiological and chemical BB
characteristic Result characteristic Result

g 2 B Catalase reaction $EBES K B2 72 BR Sugar fermentation

S L85 v Oxidase reaction D + % Zj¥E D + glucose +
VP o VP test D + ¥ D + sucrose +
[RS8 Tdol test D +#.4 D + lactose -
B e 4k, Gelaune liquefaction D +}F ¥ D + galactose +
JEM /KA Starch hydrolization D + ¥ D + ribose +
P#EIETE Lecithinase test L + Pfhifg# L + arabinose +
PR EL R B Nitrate reduction D+ 545 D + fructose +
F 4T Methyl red test D+ HEE D+ mannitol +
AW v Litmus milk D+ IIZLEE D + sorbitol -
FEREELF F Citrate test D + &% D + maltose +
FKHE ML E B8 Phenylalanine deaminase D+ 44— 85D + cellobiose +
72— R E A EA Dihydroxyacetone test HiHl Glycerol +

HZ =K, Gas production on glucose
pH 5.7 &2 KW 5E Growth at pH5. 7

0. 001% Y5 Hi 8 Lysozyme test

H(Note) : “ +” TR FHYE Positive; “ — ” F/n Btk Negative.

2.2.2 BA#R 16S rRNA EH Xt R AP LEE Wk
7037 # 16S tRNA EHEKX/NPNH 1.5 kb(E 1), E
3 )5 3% i EzTaxon 1 NCBI #(3E FE#E4T 16S rRNA
BERAELR WA, 455 SR 7037 Bkk 537 AT B R Ao
B ¥k Arthrobacter oxydans DSM20119" ( GenBank ;
X83408) " FFIMMI RS, HE99.132%,5

El1 E# 7037 gy 16S rDNA H ik E
Fig.1 16S rDNA electrophoresis of the strain 7037
[ (Note) : M—DNA marker; CK—Negative control ;I—7037 ]

Arthrobacter scleromae YH-2001" (GenBank; AF330692 )¢
M1 Arthrobacter polychromogenes DSM20136" ( Gen-
Bank: X80741) ")ty 48 {0l #: 2 1 2 99.055% #
98.698% , MRIBHEMRAITESFHE A HAL K
16S rRNA EH 3T 45 5, 2 B8 ( Bergey’s Manual of
Systematic Bacteriology) ! #1( & WA E RE L EF
MY, Bk 7037 EEATHERBAHA
(Arthrobacter sp. ), BRI X B 5 7037 B #k 16S
rRNA P3N R T 98% R At 9 #% , 1 2
BARTEMNNREHMRR,

HEIRI ACC A HEE T ZL TR
8 /& ( Enterobacter )" | {8 ¥} % J& ( Pseudo-
monas) " 175 B R1E K & (Burkholderia) ™ 3%
FEHAT B B (Alcaligenes ) M1 2 14T & J& ( Bacil-
lus) 1 |+ AT & (Agrobacterium.) 71 [ %, 48 4 &
( Azospirillum ) 2] PEREHEE( Methylobacteri-
um) ) SR B R (Variovorax) "1 S B, HATHE
Arthrobacter sp. 7037 R]RBEEXMNBE —IRER
ACC i & B PH 40 A o
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—— Arthrobacter defluvii 4C1-a" (AM409361)

Arthrobacter niigatensis LC4" (AB248526)

Arthrobacter equi IMMIBL -1606" (FN673551)

Arthrobacter sulfonivorans ALLT (AF235091)

Arthrobacter humicola KV653T (AB279890)

Arthrobacter polychromogenes DSM20136" (X80741)

Arthrobacter ramosus CCM1646" (AM039435)

99
95
54
43
7037
61 Arthrobacter scleromae YH-2001" (AF330692)
100 L‘— Arthrobacter oxydans DSM20119" (X83408)
59
—
0.002

#E2

EH 7037 RERRARMHREH LR

Fig.2 Phylogenetic tree of the strain 7037 and homological species

2.3 E#k 7037 MERIRAF ARG
2.3. 1 BRIRAIA  BAR 7037 B RUAE S HE—BRIR A
A L-MWER .y -2 T’ L-PhpsE.L-X
I14-BERZ D -1 4 — 1% BIAE D - 508D - 7B
Hl JUUBE 2220 D - H BB D - HE# . L - K2
B D~ RN D - ¥ B D —AHE RS 19
FRacIR s A REAE Y ME—BRIR A B9 R L8R\ LK)
Z AR EVR R BT R UAER D -8
ERER.L-A AR AR ERR.D - I REE R
AR BE3HIR 20 bR 80 45 15 FhaRkIR. Bk
FRE WK 7037 FIFHBRIRAY HE F1 A X BE
2.3.2 EENH AREFEN T E, Hik 7037
FE SOCAAR, /T LATE 4 C R RA K, 28°C —RERIEA
KIEE,ETCARER, BEFNHER K. W
A5 TH , B MR 7037 7E pH 3 A4K 78 pH 4.5.6.7 .8,
910,11 JANIEFAK, BN EETR K. 77 , 78
HH 2% 5% NaCl B3R 2 EAERIER, ES 7% .
10% NaCl Fy3EFREE A, Tt ARSI B0 o
2.4 BEMBR

RE R BN,/ AR FE R 7037 5,

MR, R, SR e, BT LR AL
B CK, AR CK, (18 3), 5 7037 4bHF
WIAREEE N 4. 22 /%, MT AR 1.76 ¢/ 4,
S5HERHEMEX BT 4.24 ¢/ 2 Y; GitAHE
N, R R 7037 iR IR AL BN Yy et B L OGRS R4
BT 139.77% ,ZFBE(K2),

CK,;

7037

B3 ik 7037 ERMHRA L
Fig.3 Result of inoculating test with the strain 7037
[ ¥ (Note) : CK,—L# %1 H8 Control without nitrogen ;
CK,— & # %t I8 Control with nitrogen ]

CK;

R2 HHR 7037 FERHHERAR
Table 2 Result of inoculating test with the strain 7037
43 HERREEE (g/pot) BE I /N (g/pot) BEEIR(%)
Treatment Fresh weight Increase of weight Increased rate
TR 5T HEE Control without nitrogen CK, 1.76 +0. 18 a
A& % H8 Control with nitrogen CK, 4.24+1.03b 2.48 140.91
Hi#k 7037 Strain7037 4.22+0.32 b 2.46 139.77

H(Note) : BHEBEAR/NEFHBRRERED 5% BE/KFE Values followed by different small letters mean significant at the 5% level.
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2.5 nifH BEE.BREENRENRERES N
EER

XFH Bk 7037 HEAT T nifH BEEY I, (HREF
PCR 74y, BiB B R R B B WY R A BB bR
7037, VEBRREIIE B 7037 AR EEBRA LB
MIHBEIRE S o XFIRF L 78, 7037 A REREHUIE
YR B E TS EAZRE (EH Sclerotinia sclero-
tiorum) \EXFREWRE ( EKRFEH Gibberella zeae)
MIEIEEZIRE (KINEEHE Verticillium dahliae) ,

3 45

MK EH &P E SR —tk ACC R NEH
PEERE , 450 7037, K HE R AHE ACC B EEHE
o — T HEAER 2. 530 pmol/ (h - mg) , protein, [E & EF
158k C,H,10. 068 nmol/ (h « mg) , protein, # X 5E
N IHFEE Arthrobacter sp. . B#R 7037 BEB N 2
B IR F BB AR 3 B IR TG R RR Y , RPN E
SEHEYCRU R, TR — BT & SO YR
HIAE PR

& % X W
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