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=3 % 1. i BEEHKS S Lk & Azotobacter chroococcum
A = . .
(& U = ACCC10006 & [ % 5 % 14 (nmol C,H,/ (mg protein+h))
=08 Table 1. The nitrogenase activity of the isolates and
1000
comparison of Azotobacter chroococcum (ACCC10006)
- 800 : :
= nitrogenase nitrogenase
600 . activity / . activity /
w| & 2| strains [nmol C,H, / strains [nmol C,H, /
= vy \ (mg protein'h) ] (mg pmtein'h) ]
200 AN
" l jﬂ\ — DX6 12. 46 ZYY78 21.43
' 0.6 12 1.8 DX10 6.24 7YY88 2.52
#/min DX11 13.24 ZYY93 7.92
© o DX17 15.37 7ZYY9% 8.61
L AT DX22 6. 19 ZYY98 9.43
(B) 1400 S <
[ C,H, DX35 181.21 ZYY100 10.27
Ly DX40 24.95 ZYY106 11.99
1000 DX47 16.19 ZYY107 75.23
= 800 DX50 19. 38 ZYY125 8.09
600 DX68 8.38 ZYY127 3.68
4000 \ DX70 13.28 ZYY136 12.18
[=)
200 = e DX73 17.92 7ZYY145 19. 89
N e DX78 14. 61 ZYY146 8.99
. G 12 DX80 8. 46 ZYY147 17. 07
t/min
DX87 9.77 7ZYY148 20.42
1. SR 5 4 B S A ZYYs  9.03 ZYY149 8.29
Figure 1. The nitrogenase activity measured by gas chromatography. YY1 12.72 ZYY154 8.41
At strain ACCC10006; B strain DX35. ZYY10 38.05 ZYY159 9. 42
ZYY11 8.77 ZYY160 7.07
2.2 AREgEHINE ZIYY37T  4.31 ZYY169 6.42
' < K e T 7ZYY40 7.93 ZYY170 15. 41
R O A7 B BIE 70 45 2R R 5 AT % 195 B8 ) 1) TR PR
e Tk . N v 7ZYY41 5.55 ZYY171 14.52
W EBE 71 HD/CD iy [l A T 1. 00 — 2. 00, 2k ¥ 1% 7YY43 11.11 7YY172 9.52
e bk o W5 B bk DX35 7E R RS A5 ZYYS6  18.92 CK 0.56
ZYY71 15. 14 ACCC10006 19.17
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(99.48% ) , (£ R R B M b th 15 DSM6445" 5 4E — 2 (181 2) .
% 2. DX35 gk#i k. /A#E HD/CD EF b E KRG H1EN
Table 2. Quantitative detection of siderophore.the HD/CD ratio and the ability to secrete IAA
of the different tested strains of DX samples
siderophore dissolving inorganic phosphorus dissolving Organophosphorus TAA
Qualitative Quantitate A/Ar HD CD HD/CD HD CDh HD/CD Qualitative
+ 0. 822 0. 60 0.40 1.50 0.32 0.32 1. 00

Note : The reference standard of siderophore determination, A/Ar:0.6 —0.8: + + (medium) , A/Ar:0.8 —1.0: + (weak) ; HD:the diameter of dissolving
phosphorus circles, CD:the diameter of bacterium, HD/CD :the lager the better; IAA “ - "without colour change.

W | Herbaspirillum autotrophicum IAM149427 (AB074524)

921 Herbaspirillum hiltneri N3* (DQ150563)
51 Herbaspirillum canariense SUEMI03' (HQ830496)
?{ Paraherbaspirillum soli JS5-27 (F1812351)
Herbaspirillum frisingense GSF30" (AEEC01001472)
62

_|:Herbaspirillum aquaticum IEH43307 (FJ267649)

Herbaspirillum chlorophenolicum CPW301T (AB094401)

Herbaspirillum rubrisubalbicans ATCC 19308" (AB021424)
DX35(KF357956)

Herbaspirillum seropedicae DSM6445' (Y10146)

Herbaspirillum massiliense 1C206" (IN657219)

B 2. 4F3E3A432 DX35 #9 16S rRNA £ R F 3 R4 % & i
Figure 2. Phylogenetic tree based on 16 S rRNA sequences of DX35. Numbers in the parentheses indicate the GenBank

accession numbers; Numbers at branch points are percentage bootstrap (values based on 1000 replicates) ; Bar 0. 005
corresponds to 0. 5% levels of the sequence divergence.
2.5.2 nifH £EFE5|4#7:DX35 £ nifH 3K 55
PB4 B 4360 bp 22 A7 10 4 Ao & W O B
NCBI 1 g 47 LX), $k3& th 7 50 AH U 7E 97% LL 1
AN [ Jeg ol (1 AR B R ) S R 0 R B L 4 B 1 4

Azohydromonas australica TAM 12664 (AB188121)
T ac I
0.02 74 Azohydromonas lata IAM 12599 (AB188122)
88

Ideonella dechloratans (EUS42578)

B KN B s DX35 5 Herbaspirillum (542 1 J& )
BT -k (E 3),1X 5 16S rRNA JE K 4 47 45 F A
-3, 3k — 25 Ui B DX35 J§ T Herbaspirillum .

Burkholderia xenovorans CAC124 (EF158805)

Azospirillum sp. TSA36t (AB542353)

g Pseudacidovorax sp. NH-1 (HQ834241)
5 L[
99

Pseudacidovorax sp. ptl-2 (GQ249664)

Methylocystis parvus 93-3 (AF484662)

Methylococcus capsulatus S30 (AM110701)
58 — Herbaspirillum sp. BS01(AB196476)

DX35(KF357957)
100

Herbaspirillum seropedicae RFNB26 (F1829465)
91 | Herbaspirillum rubrisubalbicans RENB30 (F1829467)

Bl 3. 4Pi%EME R DX35 nifH BERFIN AR L E N

Figure 3. Phylogenetic tree based on nifH gene sequences of DX35. Numbers in the parentheses indicate the

GenBank accession numbers; Numbers at branch points are percentage bootstrap

( values based on 1000

replicates) ; Bar 0. 02 corresponds to 2% levels of the sequence divergence.
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2.5.3 PBRRABREE 4> 4 #: AR 8 MIDI B 2R 9 %8 8 &
S5y M 4 B Rk DX3S 10 40 B S 5 R 4 R T R A
MEWEE A 58 =4 L g {H (C,(., 07¢/C ., 06¢) ~Ciq.p
FUEE J U WA (C ., 07 BR C oy, w6¢) 2059 A7 4= 41
FLZ 43 1 28. 3% 21.8% Fil 14.7% . 5 DSM6445"
FKCTC12138" 3= BAGAiF i — 5 (£ 3) &

% 3. DX35 Bt RITEMAEMERAMEM LR (>1%)
Table 3. Cellular fatty acid contents (% ) of strain DX35 and
type strains of closely related species of the

genus Herbaspirillum ( >1%)

peak name 1 2 3
C 3.02 Tr Tr
Ciao 2.69 4.34 3.82
Cisoo 21.8 22.2 25.73
Ciro 1.38 Tr Tr
Cieo 3.55 4.26 2.69
Com 1.18 Tr Tr
Cyo.0 2.65 Tr Tr
C,,.,20H - 1.99 1.22
C,,., anteiso 1.95 1.16 Tr
C,5., anteiso 1. 19 Tr Tr
C,.,20H 1 Tr Tr
C,,., cyclo Tr 1.44 1.32
C,,.,30H 3.28 3.52 3.06
C,,.,20H 2.82 1.36 1.18
Summed Feature 3 28.03 32.09 36.33
Summed Feature 8 14.7 18.03 16.5

Note: 1. DX35; 2.

Herbaspirillum rubrisubalbicans 12138".

Herbaspirillum  Seropedicae  DSM6445" ; 3.
“ — 7! not detectable, Tr:
Trace. Summed features are groups of two or three fatty acids that can not
be separated by GLC using the MIDI system. Summed feature 3 comprises
Ciy ©7¢/C,; @ 6c and/or Ci,, 0 6¢/C,, ® 7c, Summed feature 8 is
Cy0 7¢ and/or Cj., o 6c.

3 itig

26 DI T A1 B e LR YR 27 B 21 8 S 56 il A
A7 30 A K ) e A 2 I8 %6 A e A X e 1 b KR 19
AR 73 1t — Bk LA e &% I 220 I 0 H B PR DX3S .
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B R O+ 53T 2 FIR AN . H. seropedicae ¥ B Pk
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DX35 2 — ik ir 2 P9 2B T 501 L RO PR 2
EG BT Pk [ 463 [ 0 B ACCC10006 ) 10 £% , [ 40 Bl 3%
Pk #) T 181. 21 nmolC,H, / (mg protein*h) o & iF
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P AR A B AT 50w TAA 1R 68 07 5 AT fg 2 IR
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RE A& BT PR 1) 11 22 57

Z 527 (2010) 7 i 2% 1] 600 9k 15 b g
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B FLEE S 4ES - 72 nmol C,H,/ (mg protein*h) 2
6] > 2 L vl PR b 534 48 ] 20 > [ 260 Bl 3% PR 0 15. 64 =
2.16 nmol C,H,/ (mg protein*h) , 5 A 5% fF 153 %
A i . ACCC10006 72 3% [ 75 ik 4= # JIE K} 2R
7 N e Sy T R SRR DAL s A v T R
 DLAT 53 A R A8 A NV B9 RE 0 1 1T R DX35 71 ] 4
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N R 25 g w AR A R T
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Rice endogenous nitrogen fixing and growth promoting
bacterium Herbaspirillum seropedicae DX35

*
’

Xiucheng Wang', Yanhua Cao', Xue Tang', Xiaotong Ma', Jusheng Gao'*" ,
Xiaoxia Zhang'™

'Key Laboratory of Microbial Resources Collection and Preservation, Ministry of Agriculture, Institute of Agricultural
Resources and Regional Planning, Chinese Academy of Agricultural Sciences, Beijing 100081, China
*Qiyang Agro-ecosystem of National Field Experimental Station, Institute of Agricultural Resources and Regional Planning,

Chinese Academy of Agricultural Sciences, Qiyang 426182, China

Abstract: [Objective] To screen efficient nitrogen fixation endophytes from rice and to analyze their growth-promoting
properties. [Method] We isolated strains from the roots of rice in the field where it has a rice-rice-green manure rotation
system for 30 years. Efficient strains were screened by acetylene reduction assay. Phylogenetic analysis is based on 168
rRNA gene, nifH gene and the composition of fatty acid. In addition, we also detected the ability of indole acetic acid
secretion through the Salkowski colorimetric method, measured the production of siderophore through the blue plate assay
and detected phosphate solubilization, to analyze the growth-promoting properties. [Result] A total of 48 strains were
isolated, in which DX35 has the highest nitrogenase activity. It belongs to Herbaspirillum seropedicae after identification.
Its nitrogenase activity (181.21 nmol C,H,/(mg protein=h) ) was 10 times as much as the reference strain Azotobacter
chroococcum ACCC10006. In addition, it also can secrete siderophore and solubilize phosphorus. [Conclusion] Strain
DX35, belonging to Herbaspirillum seropedicae, is an efficient nitrogen fixation endophytes.
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