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1.1 ##Y
L1.1 BOLE R Wk WA S 7 B 2l i)

120 BRI A4 e A4 B R B 7R 2 LR .
1.1.2 FERFIFME:ACC W [T &g i A4 1k
AR AT, Tag DNA 4 1 H TaKaRa 2 7], ol
TR A Sigma 2w, HABIKF L A B 7= 4 47 46
A% 28 = 345 Eppendorf Mastercycler 5333 PCR X
(48 [ Eppendorf 23 #) ,722 B AJ WL 4% 96 % B i ( |k
W TCHT LS PR A ) 5 3K18 7 £ 2 A v 5 0
Bl (SIGMA A7) , GelDoct 200 7 [ 3 %8 i & 4% 43
Mr & 4t (Ultra-Violet ProductsLid 24 5] ) , JY-C600 H
WAL LIRS — A F]) -

1.1.3  #23 £: ODF # 5 9 3 KH,PO, 4.0 g,
Na,HPO, 6.0 g, MgSO, *7H,0 0.2 g, #iZj b 2.0 g,
AR 2.0 o, KRR 2.0 g, (NH,) ,S0, 2.0 g, %
B 77K 1000 mL, pH7. 2", JI F ACC Jii % iy 5 bk
G IR @ ADF K 3R 5L ACC ¥ T K B 1 B8 4l /K
Ja,o M 0.22 um — kT RIS E A 0l E Br e, o B
AE 4 (NH,) ,S0, [¥) DF & 8% 9% 56 oy, fif 30 28 4 JiE

J33.0 mmol /LU, FI-T- ACC fif 4 s T4 bk 07 146 13 7
@) Ashby 5373 H #5210 g, KH,PO, 0.2 g, MgSO,
*7H,0 0.2 g, NaCl 0.2 g, CaCO, 5 g, CaSO, *2H,0
0.1 g, 8 77K 1000 mL"" , FH T [ 40 %5 g 14 bk 0
FE % 0k @ PVK #5 9% 4 Ca, (PO,), 3.0 g, B¢
10.0 g, (NH,) ,80, 0.5 g,NaCl 0.2 g, MgSO, *7H,0
0.1¢g,KCl 0.2 g, ¥ B} ¥ 0.5 g, MnSO, 1 mL
(0.004 g/L) ,FeSO, (Fe » EDTA) 0.1 mL(0.002 g/
L), Bl 15 g, 22 8 7 /K 1000 mL, pH {8 7.0"% , Ji
TR AT A B R ) VPR R 97 O

1.2 ACC Bt S Bg I M B K 89 5 £

1.2.1 ACC BREEFEEREKVS FE Kk
DR R B AR NA B 9% B35 AL 5, 15 3% 45 315
R B FE R R GE AL S 1 B AR 3 Rl 1) 8 mL LB
B FE P, 28°C L 160 r/min ¥ 12 he 0.2 mL 1
W FEN 8 mL DF #5855 37 3, A W) 15 9% 4 1R 85 57
12 ho SRJ5FFAX 0. 2 mL FFE N 8 mL ADF 1 5%
Wo HLLAT ACC ) ADF 15 77 5 AE o xf I, 8% 97
24 —48 h, W5 H 600 nm LG, %3 AEE,
bl X R Y K F BT R o B B

1.2.2 ACC BRE®EMNE: @2 M Honma (1 /7
2 % ACC B 2 FH L R Rk #E AP 20 7.5 mL LB B 5%
W1, 28°C (160 r/min 535 12 h, B H 1 B9 7730 x
g 0 5 min, ] LW M DF K W (A &
(NH,) ,S0,) 5.0 P56 % W IR B B Ak 5 B T
7.5 mL ADF £% % %{,28°C 160 r/min ¥ 3% 16 h, It
H TR R MK 7730 x g B0 5 min, A 0. 1 mol/L 1 Tris—
HCL ZZpfi (pHT. 6) B0 PEM 2 Ko 77 25 Ll di
WK o T3 1 A T &7 T 600 wL 0. 1 mol /L (¥ Tris—
HCI 2% 1 (pH 8.5) , in X\ 30 wL 4l F 2%, 8 75 ol e
30 s, FHLEE W & 0 1 o @I 2 SR A, 4 A
200 pL FHAE o b — 3R A 0.5 mol/L
ACC 20 wL, B2 5 F 30°C /K# 15 min J5 A 1 mL
0.56 mol/L HCI DA% 11 2 ¥, 17400 x g &> 5 min,
HC B3 1 mL, fii N 800 pl. 0. 56 mol/L Fl 300 pL
0.2% (1) 2,4~ fil HE 2K ik, 30°C /K ¥ 30 min, B 5
N2 mL % J¥ 4 2 mol /L NaOH IR AT 5 —H
WERIM A 0.5 mol/L ACC, &b ¥ [/ b, 1F K %} ]
A8 540 nm AP EWROGAE . JFELH 100 pL K g
W R Dl &t . ol TR
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B v i 2 10 2 102 e 2 LT 7 v . BACC i
SN g 35 Ve SO R mg WARER RS A 1 h AR
affl T M & (pmol), 47 K o+l T MR pmol/
(mgeh) .
1.3 JI83 E#H ACCHislERRBREETEER
2 XN

K25 " CODEHOP 32 ¥ 1 3 4
3 5] ¥, Afl: 5'-CAGCGGCCTGGCCTTNGGNGGN
AAYA37, Af3: 5" ATCGGCGGCATCCAGWSNAAYC
ANAC37, Arl: 5-GTGCATCGACTTGCCCTCRWAN
ACNGGRT-3, Ll JI8-3 [ bk 4L A1 41 DNA™ g #idk,
AT ACC BEZ B 3L 3 Be g . PCR R VA4 & 0
$5 10 x Buffer 2. 5 pL>25 mmol/L MgCl, 2.5 pL,2.5
mmol /L dNTP 2.0 wL, 10 wmol/L 5|4 % 1.0 pL,
Taq M 1 U, #4250 ng, &% J5 7K & £ 25 plo
PCR J W 44 4 :94°C 4 min;94°C 45 s,52°C 45 s,
72°C 1 min, 35 MFIA;72C 7 mine PCR 774 &
1. 5% 3 NGB 468 Jie P ik A 0 5 ) 3 S A5 3R 8 WL 4% 7
A H M.

M 1.2.2 g7 vk S B R I R OE, iR R
150 mg/mLIf & v+ 5L, 73 00 I\ 8 2 K F1 SDS F A
DRI S AR TR AN S BEAT SDS B TN 95 Ik g et e
vk 7, W8 35 - 42 kDa Ab 4 5 0 A5 A6,
Quantity one 4. 6. 2 B A4 43 #71 4% 1y K/ » | Bandscan
5.0 BAF BT 45 o HEAS UKW 0 1 K BE AR B S 4R
G T ACC B2 W 5 1 8 K /Do
1.4 SEEHKEEREFESH

K JH Ashby i 26 55 5% 3£ 0 nifH 8 & 5 8 Y 4
X JI8-3 T AR HEAT TR TS R 6 W P B %
AR BT LE 103 5 1 05 g g 0 ™2™ Salkowski
VE WU SE P e 2R B 0 N CAS YR TISE 7 B Ak
e
1.5 HE# JI83 LT
1L.5.1 BFFEMESHFLEWNE K Ek JI83 X
LERERIIE NA B35 1,28°C 1575 18 h, Wl 8230 3% o
VAT A . KR R e W mEs.
HLBE T A %%, HUAE LB i AR 15 7R JE b 15 9% 24 h 1)
JI8-3 TR B B M, B0 i FH G B K I B2 i vk s 23R4T AR
Yoot 45 HF S, FHBE 7 0 A8 A T A 4 ) e B B R
W, B 2 min, M S H 8 RTS8 S

51~ AT TR TR X YR N B AT R ZE K I R AR P
Ve FFHUE A0 A, B E H 2% B IR (4
5 min, T4 5 ] JEM-A200EXTT 7Y 3% 5 o 5% 00 22
1.5.2 £BEUFE- SR (ENARAAEETF
WY YA A R G e T M) PP eh i 2 i 4 B
AL (R 1) R VAT
.53 REREFHW:SWEZSED o
JI83 WAk 16S rDNA Jy BLgEATH 38 3 . A H 3l
M54 (27F:5 © -AGAGTTTGATCCTGGCTCAGS3 -,
1492R:5 * -TACGGCTACCTTGTTACGACTT3") Xf
K20 DNA #E47 16S rDNA Jv Beadb A7 47 4 5 e B A4 &
4 10 x Taq buffer 2 WL, MgCl, (25 mmol /L) 1.5 uL,
ER 5% 1.0 wL, dNTP (2.5 mmol/L) 2 pL,
Tag DNA B4 1.5 U, K20 DNA 50 ng, b 4l
KAN R 2 25 pl; N4 F 4:94%C 5 min; 94%C
40 s,53°C 60 s,72°C 90 s,35 MEH;72°C 10 min,
SRS WG 3 WL PCR =W HI 1% B I 4 e i 1
ATHLVKAL I, PCR =916 & Rl B TAMAH R A A
AT AW . P43 )7 51 5 GenBank (4 i v )7
HREAT BLAST LEXF 73 87 » LUAH B IE 98 9% LA B ¥ b
ek 2 H Wbk, K] MEGA 5.0 {1, il Neighbor—
Joining VA B R GEHEACH , DT R AR I R K H 7
¥R4E, R 7] GenBank #2254 I3k 5 & % 5.
1.5.4 RBESEMAA:LLERMKMEREIEES
FEAE AR B A A 22 R AR B R 48 R B 27 R AR 1 o 4y
KM AL .
1.6 H#k JIS3 M ASHREER
1.6.1 E#kJI83 WASHFAFMEEANIRE
ER T PE JI8-3 H M LB 55 3% i 4 K 1k i 35 97 )5
7730 x g B0 5 min WA R WK BER 2 X
J5 H R TE T W K R o SR R R BE O 107 efu/
mL (W41 B VE . RO E R DM AS R E
WAETE B 3 b, O TR AR e, BT 3
JC W VP I R L, BRI 15 R RR 7, B R
1 RES, 36 RESE, T AL 18 —23°C fi 4F 10 -
15 d, BAJG B 7K A 210 B 5 6

F TR JI83 B A MR IS )N S R 1 A A
TP B IRER N MR 2 em, FT 2 K, BB 10
FrFP 5,3 Y 5, DG B K Ab S R T il R
18 —23°C 4k T A K, 7 d J5 4 H W 2230 5% 1 1
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B, 3LFFE 6 do

1.6.2 E# JI83 M ASHRABRIREAER K
2012 £ 10 20 R R/ 2 SR NS0
PR T AL 7 — BN SR MR E S em.
2013 4£ 6 H 5 H» A2 i 56 4 JE 5 A 107 cfu/
mL ] JI8-3 TA v (1l 4% [ 1. 6. 1) FEAT HEML AL 2, 4
RE S, SR T 10 B2, BERRGEE 200 mL T4 &
W RF 10 d BRHE T U S 3 2k ) e E A IR AR B
K MEBR T VAR A . 2013 £E 10 7 25 H A S 4 B
2B A 12 NS 10 RO T A I E R
T

2 FIRRI

2.1 ACC Bt =BG PR % & ¥k 5 ik

75 ACC B % B #1 9 vhs A 120 B B4 bk o 0 ik
3 8 R BH VE B B BEAT ACC Jid 24 B 5 07 52 56, JU8 3
TR L AT AR 1 B O M. R L mEE I, &
55 2, 4= R ORI BN S A BVE 4 A R ROk R T
AR LR R o] TR 6.7 pmol/ (mgeh) .
2.2 ACCHiREEFERMY 18

K % 3 O 51 %t 1I8-3 R Ak L N 41 b 1,
% Quantity one 4. 6.2 B AE 407, A f1rl X%t 5
W45 800 bp A1 H] T — 58 I 3wl X%
19, 16 682 bp b 45 2 T — 4wt (1), 54
(4 14 2% 217 /N AR T o

bp M 1 2

2000—

1000=—
750— 800 b
682 b

500—

250—

100—

1. JJ8-3 ACC i & B & & & E & & F &

Figure 1. Gene detection of ACC deaminase and nitrogen enzyme.
M: DL2000 marker; lane 1 and 2: gene segments of ACC
deaminase; lane 3 : gene segments of nifH; lane 4 : ultrapure water

contrast.

2.3 SDS £4HpE A F4E Bk

SoF A ] 3% 78 AL FE ) TI8 3 T A AT 4 41 i 4 A
ALK HUUK 45 41 28 Quantity one 4. 6.2 BAF 23 By
K/NAIl Bandscan 5. 0 %45 43 #7 K BEAEL, 19 8] — 45 15
HEA 36 kDa vk H 2K B 8 99 5 4% 5 1 4 7 (1 2)
iRk i ACC B & i 4 1 4 35 — 42 kDa Z [
T

| 2 3 45
W e— — kDa
i | — —0972
g - 6.4

=
L * . — 443

36 kDa—> ’

- - — 200
- 201
- 043

2. JI83 £MMAEE B F ik E

Figure 2. Whole—cell protein electrophoresis of the strain JJ8-3. Lane
1 and 2 without ACC treated JJ8 3 strain; lane 3 and 4 with ACC

treated JJ8-3 strain; M, protein molecular weight marker.

2.4 HEHkJIS3 HEREEBENON

P14 nifH 4% 47 J2 Ashby 35 77 5& 55 7% K 90w bk
JI83 Hed 1yt nifH JE K 4% 47 (] 1) Jf H.7E Ashby
iRk bagas E R AR K (B 3-A) i W 3 L AT ] 4

WAR TCHUBE AR 5 9200, e G B35 R J5 1J83
AR LB v i (1 3-B) SR A B b Lk (1
V2 W e AR R M 380 pwg/mL, B JJ83 A
1 R e v .

X JI83 BARMEAT B B AR LK, 7E JI83 KA
[l CAS ~F AR AR M 21 ¢, Ui BH 17 bk JI8-3 L A7 7= 2 K
BRI BE Ty 0 Bk A 5 0 e o (B 3-C) 3L
PRELR G Mk 91. 8% o U W BE B Ak i e
A Bk B
2.5 HHKJIB3WMETE
2.5.1 BEFFUEMESIHFMEMNE JI83 /£ NA #
Frhk b RGO AN IE B A Y e VR 10 2 50 SRS W
(F 4) ;T8 62 55 B Al 1 S Ao W 82k B, 4
WA AN AAT AR 2B W 2B KR (K 5)
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3. JI83 Hft{REThRe & 4R
Figure 3. Other growth promoting traits” analysis of the strain JJ8-3. A: nitrogen fixation potential; B: phosphate

solubilizing ability; C: ability of producing siderophores.

IR JEAE A AL X NaCl (1 52 ¥ 7% ; 7T LA
R A 200 H B me AL 3L (R D) .

2.5.3 S TFEE wk JI83 16S tDNA JL i BLY
%\ (1425bp) 7 GenBank % 4fs FiE 28 Blast Lt f 75 #7
28 B R FH A AE 98% LA L3k Pseudomonas &
M, H F 5 Pseudomonas fluorescens strain NBRC
3925 (AB680178) AL TE &z i, AL 3L 99. 44% .
e FERIALIEAE 99% LA L1 [ J A [e) b o £ 15 415 LA
Azospirillum lipoferum Jy #b BE, X Fl Neighbor-Joining

Figure 4. Colonial morphology of the strain JJ83. JI83 5 Pseudomonas ﬂuorescen’s ;l%ﬂ: il _‘ﬁj\i EF‘ ’ %

B 5. ®#k JI8-3 E 5T R (12000 x)

Figure 5. Morphological characteristics of the strain JJ8-3

E6 BEHARAEBR

under transmission electron microscope (12000 x ) . Figure 6. The fluorescent pigments produced by the strain JJ8-3.

2.5.2 AEIRAE AR B 183 A LR I G5 A L F AT A e 2 (2 1 G
IR AU IE (B 6) . BERMA ORGSR Sy PR SR R R B B Sk o O (B
e, VP Sk BT B RO R R A f e (Pseudomonas fluorescens) , i) GenBank 442 J 41 )f
SR VKA (6L B B KRR IR £ RAREESR S KIFT27589.
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F 1. Hik JI83 MEEE L

Table 1. Physiological and biochemical characteristics of strain JJ8-3

characteristics results characteristics results characteristics results
fluorchrome + gelatin liquefaction + M. R test +
oxidase + litmus milk reduced highest salt tolerance 7%
catalase + urease test - glucose utilization +
VP test - nitrate reduction - mannitol utilization +
indole test - citrate utilization + lactose utilization -
amylohydrolysis - malonic utilization + D—galactose utilization +
lipid hidrolysis + arginine dihydrolase + Dructose utilization -
“+ 7 Positive reaction, “ — ”"Negative reaction.

JI8-3 (KF727589)
Pseudomonas fliorescens NBRC 3295 (AB680178)
Pseudomonas rhodesiae 1134 (AB819478)

Pseudomonas grimontii 67b (AB698742)
Pseudomonas extremaustralis CT14-3 (AJ583501)

Pseudomonas mandelii CIP 105274 (NR_024918)

0.02

Pseudomonas jessenii CIP 105273 (NR_024902)
Pseudomonas putida VSHUBO043 (KC713614)

100

Pseudomonas stutzeri ICMP 12561T (AJ308315)

Azospirillum lipoferum 59b (NR_044950)
7. BI¥k JI8-3 16S rRNA I [ [ 5 4B 4% 5% R et (L 4

Figure 7. Phylogenetic tree of strain JJ8-3 based on 16S rRNA gene sequences. JJ83 refers to the strain isolated. The number at each
branch points is the percentage supported by bootstrap in 1000. Bar, 0.02 substitutions per nucleotide position. Numbers in parentheses

were the sequence accession number in GenBank.
2.6 HEHKJISI WASHEEIER 2.6.2 MASEHRIMMBRERR: HKEN 10°
261 WASHFRAFAMHBEORESR:JI8-  cfu/mL [ JI8-3 BB A M4 E NS W4T 3

3 B AL BN B R T oF K R K b 20,5 e B0
mm, 5 K 0 BEAL BT IR K o 12,2 mm, iR K = 5
14 68. 03% , 2 Sl 3% (18 8) , ik 4 45 SR K W] g er
ol
B3 WM AT RS HE L FH e 1E = 45
P o T B 45 R R 20 B R I8 3 Ak A A = 0|
ZMTPTHEEAS T0% B FE 10 d, 55 B AH %’ 1sL
AT T 5 de £ | . .
118-3 CK
. 25 - treatments
£ B) , 25
g o} E
;n e 20F
3 15 %D
5 £ 1sr
S o} =
Eﬂ s 10F
E =
2 | ! _g‘
1183 CK 0 ' .
JJ8-3 CK
treatments
treatments
B 8. H#k JIS3 M ASMMF LTI B 9. B#k JI83 M ASHRMBIIBEHR

Figure 9. Effects on growth promoting of ginseng seedling roots

Figure 8. Effect of ginseng seeds sprouting with the JJ8-3 strain.
with the JJ8-3 strain.
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EARALBE, 110 d J5 42 N 24, W 5 (9 6F A+
LRI, 183 WAk X A S A K H A7 & 1)
T E 4 FH S 1 Bk JI83 &b BE Y 10 BR A 2 ML SF B i
H ol 73.50 g, Lo IR 0 31.72% (& 9-A) , P
THEH 21,74 g, LEXT I N 37. 94% , 72 5 ¥ W W
(K9 B).

3 itig

HE 20 4E 4, B2 A 0B AR () R R B
JERH BT 5 R A T AR R S B B0 B o )
dit AR B R B, G e R v 28R A A K A B T
{13 357 5 280 2 0 Pk Ay TR g 2 0 T A 5 £
A% A 1978 4F Honma 25 95 YA 38 1 40 85 1y —
Bk BAT W 1% ACC i )1 189 Pseudomonas sp. B k"™,
[ b 2% 2 A/ &2 BT RR RS L T L
SO GF P e Y st e o
i 20 R AR I - 99 k2 2R b 9% B R LA ACC G
ST P 0 R O AE ) K e 3 v b LA B A
R A K e ™ Y . R A g Y g
Codehop 77 v B v it ACC I 4 g 2 IR FL A 465 o
SV 3 0E B4, Wik PCR J7 0k 2 L AT
ACC JI5 5 i 3% 1 10 T Mk SR T AT 06 A 2 41 41
Sy B ARAS ACC B %I I R 40 T 0 BF 5T RO R W
I AHFFTA SRR T 2 (9 120 B i A 40 1 o o
BB Bk 7 ACC U RS O 1 bk 83, 3 i 3 OF
SUIRS 1183 HEAT H I HE B 4 4 i b g 1 49 30 T H
() 4% M ) I 2% A7 ok 20 S JEL I 60 A8 0 0 7 ke A
VS AR W0 25 5 SR o A T R A (R AR
T Bk JI8-3 (kA5 F B T ACC [l & N 4N 1 1 75 ok
Vs A BIF S B MR T i S 5 9 2 1 R A A P 8
SE T A

LA T A FEAE B IR 5 2B B A LL K 168
rDNA JE[H P BERE 9143 07 Bk 1083 % 5k 92 1
B B (Pseudomonas fluorescens) « ¢ 6 AR B il T /2
PZ AT AR AR 2 T Y M R
(A ORI B, P2t 2 8 A
I BT ACC T %I 3 10 8 Ot R e 1 o R
BRUHEAT &b 3, IE ) T AT B B S 3 (U MR 1 AR K A

A Ko Jalili 557 7R 4 b gy B R
ACC JId 2 I 7% P2 92 06 B v 25 B, I 3 i 2E il
AT #h 2541 T A K BEAT WK, &5 O 73 WAk e
% 50 0 () 402 86 S FR) T B 8 g 0 Zahir 4% P ik
10 FRok B T A A AR P A s 358 40 1 1) 2 B 50 5 i
B L o 5 0 B0 M B R ACCS R % 10 35 i 3k i
(Pisum sativum) B 4K IR 9E @ T FE AR 10 P 7 B8
JIo ARWEFERIUE PR JI8-3 Be s & (L ik NS H 1
PR R R 1 AR S e i R NS R
AR AT BT e BEAE T o R RN NS 1 1 a
PUIEAN 24 ] B 3 B4R 48 5T AR 56 e K A 0t — 2D Y
5% .

2 2% JCHR
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Screening and identification of an endophytic bacterium
with 1-aminocyclopropane-d-carboxylate deaminase activity
from Panax ginseng and its effect on host growth

. . 1 . 1* . 2 . 1 2 . 3 1
Lei Tian', Yun Jiang , Changqing Chen”, Guanjun Zhang , Tong Li", Bin Tong’, Peng Xu
"College of Life Science, ’College of Agronomy, Jilin Agriculture University, Changchun 130118, Jilin Province, China
* Agronomic College, Liaoning Vocational College, Tieling 112099, Liaoning Province, China

Abstract: [Objective ] This study aimed to screen endophytic bacteria with 1-aminocyclopropane- -carboxylate
deaminase activity from Panax ginseng and test the capability of growth promotion to its host. [Methods] In total 120
endophytic bacterial strains isolated from Panax ginseng were screened for 1-aminocyclopropane-l —carboxylate deaminase
activity using the qualitative and quantitative methods. The obtained strain was also tested for its ability of nitrogen fixation
using the Ashby agar plates and the gene of nifH, for its ability of phosphate solubilization using the Pikovaskaia’ s plates
and quantitative analysis of Mo-Sh-Ascrobiology acid colorimetry, for its ability of producing siderophores using the method
of Chrome azurol S detecting, and its effect on promoting growth of Panax ginseng by laboratory and field experiments.

The bacterial strain with ACC deaminase was identified based on morphology, physiological and biochemical traits, and
16S rRNA sequence analysis. [Results] The bacterial stain JJ8-3 with the ability of producing ACC deaminase activity
was obtained through screening, which its ACC deaminase activity was a—ketobutyric acid 6. 7 wmol/ (mge*h) . Strain JJ8-
3 had other traits of phosphate solubilizing, nitrogen fixation, producing siderophores, and the ability of promoting growth
of Panax ginseng. Strain JJ8-3 was identified as Pseudomonas fluorescens. [Conclusions] Strain JJ83 of endophytic
bacterium with ACC deaminase activity from Panax ginseng was obtained and would lay the foundation for its further study
and application on plant growth promotion.

Keywords: Panax ginseng, endophytic bacteria, ACC deaminase, growth promoting
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