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Sphingomonas sp. GD542
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Isolation, identification and inoculation effect of nitrogen-fixing
bacteria Sphingomonas GD542 from maize rhizosphere

SUN Jian-Guang, ZHANG Yan-Chun, XU Jing, HU Hai-Yan

(Key Laboratory of Crop Nutrition and Fertilization, Ministry of Agriculture; Institute of Agricultural Resources and
Regional Planning, Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract  Breeding of nitrogen-fixing bacteria is the basis for nitrogen-fixing microbial fertilization. A high efficiency
nitrogen-fixing bacteria Sphingomonas GD542 was isolated from maize rhizosphere — a short rod of 0.4 umx1.0~1.5 um, G~, with
5.046 nmol (C,H,) - h™* - mg™ (protein) nitrogenase activity, that can grow from 4 to 37 and resistant to 10% NaCl. Phy-
logeny based on 16 S rDNA sequence shows that GD542 shares 96% DNA homology with S. azotifigens. Based on the analysis re-
sults of morphology, physiology, chemical property, and 16 S rDNA sequencing, strain GD542 is identified as Sphingomonas sp.
Green house test shows a statistically significant increase in dry weight and nitrogen content in pakchoi inoculated with GD542 strain,
indicating high nitrogen fixing ability of GD542 strain. There is 206% increase in dry weight and 230% increase in plant nitrogen
content of pakochoi compared with the control. Hence GD542 strain holds a good prospect for future applications.

Key words Maize rhizosphere, Nitrogen-fixing bacteria, Bacteria isolation and identification, Sphingomonas GD542
(Received Dec. 5, 2008; accepted March 30, 2009)

N, NHs,
) , 100 ,
N, , [1]

* (2007-21) (863 )  (2006AA10Z417)
(1963-~),

, E-mail: jgsun@caas.ac.cn
: 2008-12-05 1 2009-03-30



90

2010 18

GD542,
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1.1
Paenibacillus azotofixans ATCC35681
Paenibacillus polymyxa ATCC842
, Azotobacter chroococcum
ACCC 11103 .
1.2
1.2.1 10g 90 mL
20 min, 5mL 30 mL
ACCC55 ¢ 10 g

K,HPO, - 3H,0 0.5 g NaCl 0.2 g CaCO3 1 g
MgSQO, -7H,0 0.2 g 1000 mL pH 7.0~7.2),

28 100 r - min™* 72h
, 3
1.2.2
102 102 10" 10° ., 01mL
(ACCC55
1.5%~2.0% ), 29 C 2~3d
ACCC55 (
10g K,HPO,-3H,00.5g NaCl0.2g CaCO;
1g MgSO,-7H,00.2g 059 1000
mL 1.5%~2.0%, pH 7.0~7.2)
1.2.3
B3 15 mmx150 mm
5mL )
,28°C 72 h ,
10%, 72h, 100 pL

[Nmol(C,Hy) -h™ -mg™ ()=

(mg)x (h],
(UL)x273xP/[22.4%(273+t )

CoHa(nmol)/[
CzH4(nm0|)=CzH4

x760] ™, P (mm ), t
, ATCC35681
ACCC11103 , 3
SPSS 5 mL
3mL0.5mol-L" NaOH 5 min, 3
mL 0.5 mol - L™ HClI, 1.0 mL 5mL
, 3 min, 595 nm
A595
10 cm 8 cm
250 g ,
124 :
2~3
d, ; : :
[5]
6] 16 STDNA
DNA PCR ,
27f 5'-AGAGTTTGATCCTGGCTCAG-3' 1492r
5-TACGGTTACCTTGTTACGACTT-3' 16 S
rDNA
PCR 195 °C 30s 55
1 min 72 2 min, 30
1% )
DNAStar , 16 S rDNA
, NCBI
http://ncbi.nim.nih.gov/blast ,  Genbank
DNAStar
1.2.5
( , 20
cm), 0.88 g -kg™,
10.6 mg -kg*, 111.5mg -kg?  2mm
, 121 3, 1h, 1
4 , (CK1)
(CK2) (GD542)
( ATCC35681 )
3 , 2d
(CK1) 50 mL Fahraeus
4 Na,HPO, - 12H,0 0.15 g,
MgSO, -7H,0 0.12 g, 0.005 g, CaCl, -2H,0
0.1 g, KH,PO, 0.1 g, Gibson 1 mL, H,O
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1 000 mL, pH 6.5~7.0 Gibson , , 0.4 pmx
HsBOs 2.86 g, ZnSO, - 7H,0 0.22 g, CuSO4 - 5H,0  1.0~1.5 um
0.08 g, MnSO,4 -4H,0 2.03 g, Na,MoO, -2H,0 1.26 g, 222 GD542
H,O 1 000 mL); (CK2) 50 mL 4
( 1 000 mL Fahraeus 37 10%
0.12 g ); 2
GD542 . Fahraeus 2.2.3 16SrDNA GD542
| ODsOOl.S’ATCCSSZglmIXTCCMZ 105 TDNA ¢ 1
1.5 kb GenBank 16
ACCC11103 , Fahraeus
S rDNA , GD542
) ODgoo 1.5, 50 mL Sphi tifi
Ingomonas azotitigens
’ tem - dzem 96% I\FI)CBIg g 95%
, 700 g, 1, 0 ’
304 16 S rDNA
KDY-9820 , : GD542
(71 SPSS S. azotifigens ,
2 HR55H ( 2
2.1 GD542 ,
, , 16 S rDNA : [5.8],
, 1 Sphingomonas sp.
, GD542 GD542
5.046 nmol (C,Hy) -h™t -mg™*( ),
ACCC11103 bp
1.635 nmol (C,Hs) -h™-mg*( ),
ATCC35681 2000
(1 1000
5
, GD542 730
500
2.2 250
221 GD542
GD542 1 E&E GD542 & 16 S rDNA k&
! Fig. 1 Electrophoresis of GD542 16 S rDNA
, , , , M: DNA DNA marker; CK: Negative control; 1: GD542.
F 1 HEtk GD542 HE RBGE MR HiEME R M6
Tab. 1 Nitrogenase activity and inoculation effect of GD542
Inoculation effect on pakchoi growth
T Strai S Nitrogenase activity
reatment train name ource [nmol(C>Hz) ~ht -mg™%( )1 Dry weight Increase Plant N N increase
@- (%) @- (%)
CK1 0.32a 0.927a
CK2 0.74ab 131 3.567b 284
GD542 ) . 5.046ab 0.98b 206 3.063b 230
Sphingomonas sp. New isolate
ATCC35681 ) 135.362b 0.77ab 140 2.807b 202
P. azotofixans USA
ATCC842 NT 0.43ab 34 1.933ab 108
P. polymyxa USA
ACCC11103 . 1.635a 1.04b 225 3.573b 285
A. chrooccum Russia
0.05 NT Different small letters mean significant difference at 5% levels. NT stands

for “not test”.
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Tab. 2 Physiological and chemical characteristics of strain GD542
. . GD542 . . GD542 . . GD542
Biochemical character Physiological character Physiological character
Catalase reaction .
Sugar fermentation Growth temperature
Oxidase reaction D+ D+glucose 4°C
VP VP test D+ D+sucrose 28 C
Idol test D+ D+lactose 37°C
Gelaune liquefaction D+ D+galactose 60 C
Starch hydrolization D+ D+ribose Salt tolerance
Lecithinase test L+ L+arabinose 2%
Nitrate reduction test D+ D+fructose 5%
Methyl red test D+ D+mannitol 7%
Litmus milk reaction D+ D+sorbitol 10%
Citrate test D+ D+maltose
Phenylalanine deaminase test D+ D+cellobiose
Dihydroxyacetone test Glycerol
Gas production by glucose
pH5.7 Growth at pH5.7
0.001% Lysozyme test
“om LT “” means positive, “ ”means negative.
42
4 S, az cotifigens
! i 8. elodea
bispry ',—‘ffl'f@.u! N, pituitosa
T AT S dokdonensis
F = AL E S, mucosissima
T AL RATEIE S. melonis
] L UL FE B8 Beijerinckia indica
-I_| 08 H AL U Bradyrhizobium japonicum
02 ST I vtiHUPT 18 Azorhizobium caulinodans
19 P 1 1 Rhizobium etli
£20 'ﬂ‘l‘[ﬁ'f‘ﬂ"ﬁ S1E Sinorhizobium fredii
10 e I|"| HYE 18 Mesorhizobium huakuii
— 03 sk Ifq %1% z[t%h&l Azospirillum brasilense
—04 NG H B AL lipoferum
l_[:{)l ['ﬂ| .rNEIIJH 4. chroococcum (ACCCI11103)
1 05 FEL 18 Azotobacter beijerinckii
06 i 1 A vinelandii
- ]‘3_1 15 Paenibacillus forsythia
15 “E P fujiensis
16 Tl P sabina
11 .H I# P. azotofixans (ATCC35681)
18 % P. zanthoxylum
13 : P. borealis
17 HLETNT I P stellifer
12 ERFEERTE P polymyxa (ATCC842)
12.6 12 10 8 6 4 2 0

¥l 255 Nucleotide substitutions (<100)

2 ERE GD542 R4 B #
Fig. 2 Phylogenetic tree of nitrogen-fixier GD542

2.3 : GD542
GD542 : : CK2
GD542
CK1 3 NE5THE
ACCC11103 ATCC35681 : :
ATCC842, CK2 :
GD542 , 1 GD542 ,
CKL 206%, 50 , 2007

230%, Azospira restrictal® Azospirillum canadense
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[10]
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