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ACC 30 strain with ACC deaminase activity: its isolation,
identification and growth-promoting effect

HUANG Gai' GAO Han' WANG Chen' ZHAO Qian® ZHANG Wen-Feng*
DANG Juan® MA Xiao-Tang® YAN Xia®" GAO Jian-Ping?

(1. College of Life Sciences, Northwest A&F University, Yangling, Shaanxi 712100, China)
(2. Gansu University of Traditional Chinese Medicine, Lanzhou, Gansu 730000, China)

Abstract: [Objective] Screening strains with 1-aminocyclopropane-1-carboxylate (ACC)
deaminase and exploring the growth promoting effect were conducive to further develop mi-
crobial fertilizers and increase agricultural yield. [Methods] ACC deaminase positive bacteria
were enriched and isolated with ACC as the sole nitrogen source. These strains” ACC deami-
nase activities were also evaluated. The strain with the highest enzyme activity was identified
according to morphological, physiological-biochemical characteristics and 16S rDNA se-
guences analysis. The target strain’s ability to promote the growth of alfalfa seedlings was pre-
liminarily studied. [Results] Six ACC deaminase positive strains were obtained. Among them
the strain ACC 30 was prominent with high ACC deaminase activity 0.217 U/mg. Based on the
cultural morphological features as well as physiological-biochemical parameters in combina-
tion with 16S rDNA sequences analysis, the strain ACC 30 was identified as Enterobacter
aerogenes. The growth-promoting trial indicated that both seeds incubating with bacterium
suspension (SIBS) and seeds dipping with bacterium suspension (SDBS) elongated the roots of
alfalfa seedlings by 135%, 136% respectively compared with the control group. The
growth-promoting effects under two treatments were equally significant and consistent. Inter-
estingly, they all showed that ACC 30 strain prohibited hypocotyl elongation. [Conclusion]
The isolated strain ACC 30 with high ACC deaminase activity was expected to be developed
into an excellent microbial fertilizer.

Keywords: Strain with ACC deaminase activity, Enterobacter aerogenes, Growth-promoting ef-
fect, Alfalfa
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X T TR R RS, (HEE Har, FRE
FEIX —ARIk O BE ST TAETF A 2 Hoh g &
A BN S /N2 AR B 39 43 894531 ACC i
S TR, (AR — 25 T R AR A 5 T Y
XIZE T O Y ACC B & MG PR IR ST T
FXROFPAR AP K A5z . (HE PSR ETF ACC
UG8 it 1 A TR R N 5 A T AR AR A R RIS
A WARGE

SAE TS PR B 2 B, B I
SR, R A R R AR, B B GR
Wz —. Hif, TR ERERE SRR
T b d Ak, AR = AR SRR AE,
it T LR T 3 T R AR A s Y KT, Rk,
FEi ACC M 2 BERG M R 5246 B 1 AR A=A
L, WEEEIEEL, SRR ]
AHEKMME,

ARICLL ACC JynE— R IR 18 ACC it Z Bl 17k
PEBARE, Xt H o RS 1 B s 1) PR R AR B TR S R 7%
SRR A FRAALERIE RN 16S rDNA 8 0tk A T
SPRYGE, TRV B R R AR TR A A
FAWFSE o

1 MRS

1.1 w8

111 HIERERRRE: HHEREACR A PR
PR 2= Bkt t, F2EBA R, /NE
FARNEYARPR T, AR A Sic kb, A
Tt 20 43, RhHLZEALFT B (Bacillus subtilus)Hi
[l | /0 v 5 N 22 G U 7L 2 RN 7 e

1.1.2 #E#R: IEE TS (Medicago sativa var.
Iroquois)Fi -+

1.1.3 FEMEHFEFMRAF: ACC (A-3903). o- T
iR [ 3£ Sigma A Fl; A DNA #2HGA
F AT A 28 e AE Y HEARABR A F]; PCR 5
W F At e 22 2R MR A BR A ] 16S rDNA

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

Y1519 b SR SR AE W RHECR IR R
B He A b Al

PCR 1 (&% Eppendorf A]); BEHAGANL
(35 Bio-Rad A H]); $£5M3tBEEAL UV-1800
(b Skl A A IR |, 434 R AL204
R -FE R AR (1) A R A F.

114 $EFFE: w4EEFHE: PAF (Pseudomonas
agar F)}5FRAE(g/L): PR 10, BEEFUKAREY) 10,
Jo/K MgS0, 1.5, K,HPO, 1.5, Hit 10 mL, pH 7.2,

e s g5 3. DF B3R (g/L): 45 1
HsBO5; 10 mg, MnSO4H,0 11.2 mg, ZnSO,7H,0
124.6 mg, CuSO4-5H,0 78.2 mg, MnOs 10 mg, DA
W% T 100 mL JCEK T, —4 °C {RAFF; o 2:
FeSO,7H,0 100 mg, AT 10 mL JCp/KH, —4 °C
TRAF; o 1 547 2 A 0.1 mL, FHINA
KH,PO, 4, Na,HPO, 6, MgSO47H,0 0.2, %%k
2, WiFWEIR 2, FrBEIR 2, (NH4).SO, 2, H,0
1000 mL, pH 7.2,

JnE Ri 23k ADF: 48 ACC ¥ T4k, ik
K, IMAZIAREH (NH,),S0, HFE K DF
B gL, pH 7.2, ACC IR LW E N
3.0 mmol/L,

B Aif i FREE: T ADF N E B 3R IR SR
AR 15-20 g/L, pH 7.2,

TSB HigRdk(g/L): BRI 17, KGR 3,
NaCl 5, #j#jh¥# 2.5, K;HPO, 2.5, pH 7.1,

12 FHi%

121 ACC BiEBEMHEMNESE. Mo E:
FRIBOE AN [/l 1) LA 4% 5 g 430l A
50 mL JG pi 7K Fh iR v il IR TR, TR 1 mL
BRI AZ] 50 mL PAF 535+, 28 °C.
200 r/min S50 FHRZ IR . 24 h s, HCH IR
1 mL B EE R 1S 2 R ER P
# 1 mL % 50 mL DF #5520, AR ZE1F TR 5%
24 h J5 NHIER 1 mL A ERINA 2] 50 mL ADF
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BEFRrh, RIS FRESR 24 h, T ACC A
PTG PEAN R (A e . BRI RE ADF 53R P i
BRI, IR T ADF B4, 28 °C fHiEA
KR, Fr R BRIV S PR i Y 2l AL S R A T
TSB ARG 773

B L g 71(U/mg) =

122 ACC BiEEgEHME: 2% Seleh %Ly
Tk, BRI B 1 umol a- T BRER (15 E LA
1 ASBENG TR . BB i I R
Bradford 3£, LA 138 A 8 A AR EE I . ACC
i 2 Lb 3% 7R A

oo T AR UK 5 (umol)

SV S 5 (mg)

I B BN PrICR AR R (L)

1.2.3 FHRMREERRE: Fifefifnsm
VEHEAETN ik, BRI O 3 A AL 78
T T REEE, S AR K 70Uk
W, JIFHE ACC 30 Al ZE AT TR 40 Sl T )R 1
B, HERAHE N 10° CFU/ML,

P AR 3 TR SR HAE S R A
VWA AT AN B (1) B SRR ¥
HEEPEA G R B TR SR, BRI A4
S H 7 mL ACC 30 B2 . Fli 5 2E AT B B
B ORI (2) BRI AR
BEALBR S RN T ACC 30 FER . Al
R R R . THEAKD, BFERE, &1
JEB A AR (T 7K ) iy B R L

PN TR IR SR L _E BRI R, ¥ T 28 °C
TR BT FRAA PSR, 7 d S5 e AR BT IR
. BRI 50 k¥, BEAALHE 3 KL
1.24 HEHBEE: () EHEALKE: SR
AR RN S TGS 9 i)™,

(2) 16S rDNA JFFIY HEFIFH o34 R I
SRR BCA R ACC 30 1195 DNA, HRIEFEZ 4
Y1 16S rDNA {4 57 ¥ 5 i H 5] 4 M pPA
(5-AGAGTTTGATCCTGGCTCAG-3')#l PB (5'-
AAGGAGGTGATCCAGCCGCA-3)i#4T PCR #~
i PCR W 2k 95 °C 5 min; 94 °C 30 s,
55°C 30 s, 72 °C 2 min, 3t 36 4ME¥£; 72 °C
10 min, P HEARFRJy 50 pl, M5 pL PCR =¥

< UTE 5 IR P P A AR (L) < e Js¢ M2 R ) (i)

1% BN HEBEIL FL UK o B A I, HAT 1500 bp 7247
2R RRI AR PCR AR 2 BIAEY) TR
AR5 A RS w AT o e s e 91 5
NCBI ¥#i 2 BLAST [R]EM: L XS 4317, R[]
PR i B TR R 5 Rk ACC 30 )3 4
ClustalX 1.81 {17275 bt o by, A
Treecon (Version 1.30) " Ay 4% 4% &%
(Neighbor-Joining method) 4 &2 48 & B o

2 HR545Mh
2.1 ACCRi&EgiE MR TFRSE R K ACC it
ERLE e ol

Zoad A i e, 3R Egalifb g 5
6 PREEFELL ACC JifE—A IR ADF 35585 A4
KRR 1), X 6 HREHRBI45 R ACC
9-1. ACC30, ACC 16, ACC22. ACC4., ACC
6. FEIE I 5 A LA PR BRI LU TR ) 25 Ak, Horp
ACC 30 ) ACC Jiit Z s i M i =i, o~ 0.217 U/mg.
WAL, 5256 2 DRAF Y TR AR Al 28 FRLAT TR 420
ACC R L% T2k 0,
22 EHRHEEIER
221 BEHMWELEBHHERNOEIE: FHHEXT
SR RAERILE 1, 2, IR
P 5 BB P AP AL BER, Hk ACC
30 X £ A AE MR AR AR P S, % AR AL B 25
A E &R 5 AR AP A BE B B P IRAL CK
F1 Bacillus subtilus Zb ¥4 .
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#F1 6%k ACC = BEFRMEEPRAYRIR R BEIE N

Table 1 Source and enzyme activity of 6 positive strains with ACC deaminase

[E573 E 3/ ACC [l TG 1

Strain Source ACC deaminase activity (U/mg)
ACC 9-1 INEEARBR L4 0.015
ACC 30 FREAR PR 45 0.217
ACC 16 FIREAR PR 45 0.021
ACC 22 VAN i1 0.017

ACC 4 FIREAR PR 45 0.038

ACC 6 el 0.005

T BLEARES - 3ERR A PYILAARBIE 7 bl 277 Bt i .
Note: Rhizosphere soils were collected from the experimental field of College of Horticulture, Northwest A&F University.

AR SRR AL PR L 40 BREE AL T8 4 i
SEART TR, FFRI SPSS 17.0 #1AF
XA HATEI TR Z KT, Geitai R Lk
2. 3,

ZERERW], 4T ACC 30, HETREG AL A
BB RN RN BIAL A T, 5 CK AR L4
FRAXH RS 5 135% . 136%, I RfliAR
SRS H1 R 93%. 85%, SiilrirHA W
PEZE S, X TARREZF AT I, OB SR R A
1 EARSERERE | BRI A B BRR TRE, 5 CK AHLL,
Fig.1 Seeds incubating with bacterium suspension (SIBS)

4 N RREARXTH I R 88%. 73%, 4tit
BT R REME2E S, XA AR TR
Jogit By R E R

BAERH, Btk ACC 30 et AT
LRI, AR 2T B X554 B s AR
R TCZ MR, RN TR R 25 AL VRS A e T IRl Y
iR — 2 A
222 ARLBAEMNEZLEBHEEKZM:
M 2, 3 iAW, SFIfe A ilEe , Wihs
FrHP I IR Fh 7 H R W R 4k BT EETE ACC

CK Bacillus subtilus ACC 30

CK Bacillus subtilus ~ ACC 30 30 fEdMRAERK TR -3, xR, XE
E2 EiSrhiEms B[R] 4 422 b 7 X FAS 52 M 22 T8 % AR AR 174 472
Fig. 2 Seeds dipping with bacterium suspension (SDBS) HAER
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Table 2 The effect of seeds incubating with bacterium suspension (SIBS) on alfalfa seedlings
#1& Root length T EHHE Hypocotyl length

Trffem P HOAH R % P TRRRAR R
Average (mm) Relative length rate (%) Average (mm) Relative length rate (%)
CK 27.69+5.23 100 29.50+6.70 100
Bacillus subtilus 25.81+9.11 93 25.9945.27** 88
ACC 30 37.39+£13.83** 135 27.51+7.02* 93

A * P<<0.05; **: P<0.01.
Note: *: P<<0.05; **: P<0.01.

®x3 BEREMEMZENETEESHEZI

Table 3 The effect of seeds dipping with bacterium suspension (SDBS) on alfalfa seedlings
#1& Root length T EHHE Hypocotyl length

Tﬁfem T R R T T RH AT K
Average (mm) Relative length rate (%) Average (mm) Relative length rate (%)
CK 27.96%9.75 100 29.48+7.78 100
Bacillus subtilus 25.59+8.13 92 21.65+6.10** 73
ACC 30 38.06+12.56** 136 25.17+7.19** 85

T **: P<0.01.
Note: **: P<0.01.

2.3 BERETE Itk ACC 30 HyA: FA: LR iR I 5E 45 2R DL

231 EASMEBEUSFLENE: #Fk ACC 30
£ LB PR LEFBEIEENET MR, FLE6, A
SR, REDCHIRE, HZREFT; FRFR, 5
2 TGt Ry B (8 3); TR AR/ 4(0.6-0.9) pmx
(1.5-3.6) um;,

B3 E#ACCI0HE=RHE(1000x, KF RIIE)
Fig. 3 Gram stain of strain ACC 30 (1 000x, optical
microscope)

% 4, Wbk ACC 30 HAizzhME, RefgHI e
FRER . D-HIEINE . LB, L-RAWERE . LRI
BR5F, REfS TR, LJRAHRRER, (H2 AR
fR2T A 2R ALY, ANRETMAVERY B, SRR ]
JBEBAL
2.32 E#k 165 rDNA FHIHEAFF| 58 N
ACC 30 FEPREERIZ NP3 i 1 500 bp A4 Y H—
FAF(E 4), ZNFFRRE N 16S rDNA FENF1
B2 s T 83258 2] GenBank, FR75%% 5%
54 IX074045 (3 5), 515 NCBI dis 72 H 119
16S rDNA JF8Ii#E1T BLAST HXF 407 o L4
W1, NCBI Buffs b STk ACC 30 HH{BLEER
B AR & T AT 8 Enterobacter sp., A
b Enterobacter aerogenes NCTC 10006 (Gen-
Bank accession number: AB004750)5 &k ACC
30 FUAHMRIEEIR RN T 99.2% (3 5)
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% 4 ACC 30 ERREIBAE (LIFME

Table 4 Physiological-biochemical characteristics of strain ACC 30

et IR el R R

Test item Results | Test item Results
JERY KA Starch hydrolization - | D-Mj%#% D-glucose N
FrigREL A H Citrate test + WU Inositol +
iz g1 Mobility + D-FLB% D-lactose +
V-P &4 The diacetyl test + D-JE#¥% D-sucrose +
Ak Gelatin liquefaction - L- KA L-asn +
H2S J2Ji HaS reaction - LR 40 L-cys +
fif§iEh ik )5t Nitrate reduction + L-fi& 52k L-tyr +
I-20 J2 i Tween-20 reaction + L-2223 % L-ser +
it 35-80 Ji2 )3 Tween-80 reaction + LYt Z K f# Cellulose hydrolization =

o+ B - BRI

Note: +: Positive; —: Negative.

1 M bp

1 500

1 000
700

500

4 TEFk ACC 30 K9 16S rDNA £ [ PCR # 1 ek &
Fig. 4 PCR products’ electrophoresis map of 16S rDNA
of ACC 30 strain

7 M: Marker; 1: ACC 30.

Note: M: Marker; 1: ACC 30.

BT R R R SRR ACC 30
AT Z IR b, IR B R Gk T

(Bl 5). #5R B, Wk ACC 30 54 Ff
Enterobacter aerogenes NCTC 10006 & J[a]—4>
Gy, FEA KM EHE T AT R R

(Enterobacter sp.).
3 Wik

e 4B AR E) 6 fk ACC M 2 PH 4
H Pk ACC 30 9 ACC it & B LL 1% /1
(0.217 U/mg) Lt B 2R 545 PR T8 A B [ AT R AS
(ACC i & i L3 710 0.018 6 U/mg) FIASTE BED
TG CS (ACC iR M Lki% /10 0.016 7 U/mg)
PRI G et — N ECE g, R, B RE ACC 30
FeI AR i ACC I RS 1

16S rDNA AT R Gk B F M AEE
TEAFAE RSB SEEDS, it 165 rDNA J351[A]
TR 43 B 55 A B AR AR I AR 25 A — i EL P

%R 5 ACC isEs &4 &k ACC 30 B 16S rDNA X E4 R

Table 5 Identification of ACC 30 with ACC deaminase activity based on 16S rDNA gene sequences
Btk s TR AEEL A ARALEE
Strain Accession number Base numbers (bp) Similarity (%)
ACC 30 JX074045 1453 0
Enterobacter aerogenes NCTC 10006" AB004750 1438 '

http://journals.im.ac.cn/wswxtbcn
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0.02 — Enterobacter mori R18-2T(EU721605)
— | 513
398 Enterobacter hormaechei CIP 1034417 (AJ508302)
516 |L— Enterobacter ludwigii EN-1197 (AJ853891)
439 Enterobacter gergoviae ATCC 33028" (AB004748)
Enterobacter cancerogenus LMG 2693" ( Z96078)
855 | Enterobacter asburiae 1497-78T (AB004744)
120 ¢y ——Enterobacter intermedius ATCC 331107 (AF310217)
B2 Enterobacter amnigenus ATCC 33072T(AB004749)
L‘ L Enterobacter nimipressuralis ATCC 99127 (Z296077)
391
287+ L Enterobacter soli LF7T (GU814270)
Ll — Enterobacter aerogenes NCTC 10006 (AB004750)
600 996 ACC 30 (JX074045)
Enterobacter kobei CIP 1055667 (AT508301)
. , -
584 972 Enterobacter turicensisLMG 23730"(DQ273681)
Enterobacter agglomeransDSM 34937 (AJ233423)
Enterobacter sakazakii ATCC 295447 (EF059843)
699 | | 963
] 999 Enterobacter pulveris 601/05T(DQ273684)
1 000 Enterobacter helveticus LMG 237327 (DQ273688)
Eantnonty cntnse alnmnms ciithonm Aiconissme TN 24T (7Q6NTON
Liricrouvulcicr ciovacuc buUDP LYIULVETLY LAVINT LU00 \LJ?UUI?/
914
Enterobacter cowanii CIP 107300 (AJ508303)
1000

Enterobacter arachidis Ah-143T (EU672801)

— Enierobacter oryzae (1a51" (EF488759)

Enterobacter radicincitans D5/23"(AY563134)

[El5 ZETF 16S rDNA FF5l#y ACC 30 EHkEI RF R B Rt
Fig.5 The phylogenetic tree of the strain ACC 30 based on 16S rDNA sequences
55 M GenBank %545 ##47 1 000 IR IAHIUEE S 1A, EIH R B 2 R ARAE 4B 4212 (Neighbor-Joining method)
HEAT 1000 YRARLUEE BB 1150 49 Bootstrap {8 LI A 2%A9 5122 5.

Note: Numbers in parentheses represent the sequences’ accession number in GenBank. The numbers at the nodes indicate the boot-
strap values based on Neighbor-Joining analyses of 1 000 resample data sets. Bar: 2% sequence divergence.

/ﬁ% 7 U, ke A I W R FH T 40 B A
o AR 16S IDNA JF 513 M 45 BT K:
%‘%ﬁ?ﬁ%ﬂilﬁ!ﬁifh{ﬂ"m, HJAE ACC 30 7=
S FT # (Enterobacter aerogenes).
HCE HAT, MRIE TR R SR B AT ACC
JBt A, PN [T I | RS 7 A 1A

B CC A AT s A BR VA I AT 1 5, (2, P SUBAF
(Enterobacter aerogenes)fgi%silh ACC it = B 1
fRiE A JEFRHRGE, PRTTEEA S E N
AR, AR B R AR 251 iR
A PO, AR5 0 et = S AT BT ACC i
ZARGTEYE, 9 T SR B R AR P
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Li ZEUF 5 3B, ACC Jist S BEHG 40  2 1ot
FerE ACC A BRI TY 2R 7K, a4 AR fif
Ko AXEAA ACC ARG MRk ACC 30
PEHEAR AR, JOIZEE TGP A R AT TR N RE AL AR
i o XSS SRR LIS UE T P R IE i 430 ACC
J B AR T AR ARG o [RIE, A S & B
ACC 30 X8 H T8 MR AT ISR 7 1Y A= 4 5
HA 250, ARIEAR 3k, INZEAGER
R E S A0 B T AR T IR, HARR B X
MR AR TE, X IR I, X5
SOV RIS AT BT 22 5, AT 7 R S 1
F ACC i B I T X B A v AR A iRl A
R EEMRIEN . EIASCHERT, ACC B &
T EE MR RR S AL A AR S, (X iR e
K B PRI VR I AT BB PR AR 75 435 ACC i
R — AR R R, M550 K
HeAWREA O, BARE R MR LR

AR AR R B R R [R] i A O AN
i) ACC 30 XHAEMIMR IR A VEH, iX351E T Hong
LB RIESE, ABATRISE ACC i 22 B L4 2
i TR R A R A AR ARG 4 G MR,
EH YN T RIS SR ML SR Mk
VIRBE ORI IZ A NG TR, FrLL, AN [R] 42
JrAFHA M ACC 30 MIfRAMER . Bk, 4l
IO FH AT LR AN ) R B 5 12 o

25 AR, Btk ACC 30 X4k B 15 e 4=
YERBI S, T —2 0 R IZ MR D A P et
IR A&, FEEAT R R AR IR IR AT 5T o

5 X X W
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