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Abstract: [Objective] To screen efficient nitrogen fixation and plant growth promoting endophytes
from Oryza officinalis wall in Cenxi, Guangxi. [Methods] The nitrogen-fixation ability of the
isolates was tested by acetylene reduction assay. The SDS-PAGE patterns of the whole-cell protein
electrophoresis and IS-PCR DNA finger-printings were used to group these isolates. Phylogenetic
analysis based on 16S rRNA gene and nifH gene was performed. The ability of indole acetic acid
secretion and the production of siderophore were tested by the Salkowski colorimetric method and
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the blue plate assay, separately, and the ability of phosphate solubilization also was detected. The
property of plant growth promoting rice was tested by plate and potting. [Results] A total of 35
endophytic diazotrophs were isolated and classified into 6 groups, in which CX24 belonging to the
Klebsiella variicola showed the highest nitrogenase activity. The nitrogenase activity (298.64
nmol/(mL-h)) was 9 times as much as the reference strain DSM15968. Besides the secreting
siderophore, indole acetic acid and ability of solubilize phosphorus, the strain CX24 could also
effectively promote the germination and growth of rice. [Conclusion] The strain CX24 belonging to
Klebsiella variicola, was an efficient endophytic diazotroph and had a very good application

prospect.

Keywords: Endophytic diazotroph, Nitrogenase activity, Plant growth promotion
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10 min, FFLL 12 000 r/min B.L> 5 min, HEFE 10%
ITEIE . S%U4EHEETT SDS-PAGE RN LR E
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Table 1 The nitrogenase activity of the isolates

L Nitrogii{ifeﬁactivity e Nitrogii{ifeﬁactivity 1 Nitro gﬁiﬁeﬁactivity
Rl (umol CHy/(Lh)) & Swains (umol C;HJ/(L)) ! Strains (ol CAHLAT )
CX01 23.06 ; CX13 82.33 ; CX25 31.55
CX02 51.19 CX14 57.61 CX26 176.44
CX03 59.63 ; CX15 67.68 ; CcX27 84.54
CX04 73.89 L CxI6 152.40 L Cxos 98.02
CX05 44.65 CX17 64.37 CX29 123.66
CX06 92.14 i CX18 42.68 i CX30 201.23
CX07 30.67 CX19 62.89 CX31 38.92
CX08 50.58 L Cx20 35.33 L ox32 65.34
CX09 84.62 ! cx2l 97.32 ! CX33 154.76
CX10 104.34 CX22 104.55 CX34 29.28
CXl11 156.21 CX23 135.21 CX35 67.24
CX12 93.76 CX24 298.64 | DSM 15968 32.46

A B
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Figure 1 Insertion sequence-based PCR patterns of 35 endophytic diazotrophs
Note: A: Group | and Group I ; B: Group III; C: Group [V and Group V;D: Group VI.
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Figure 2 SDS-PAGE whole-cell protein patterns of 35 endophytic diazotrophs

Note: A : Group [ and Group II; B: Group III; C: Group IV and Group V ; D: Group VI.
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: 0.02 |
I 1
sor Klebsiella variicola DSM 15968" (A1783916)
% CX24
95 Klebsiella pneumoniae ATCC 13883" (X87276)
95 —— Klebsiella singaporensis DSM 16265" (AF250285)
100 — Klebsiellar hinoscleromatis LMG 3184" (Y17657)
89 — Klebsiella pneumoniae subsp. Ozaenae ATCC 11296" (AF130982)

63 99 [Klebsiella michiganensis DSM 25444" (JQ070300)
Klebsiella oxytoca ATCC 13182" (AF129440)
90 Klebsiella mobilis ATCC 13048" (AB004750)
9_0[Klebsiella trevisanii ATCC 33558" (AF129444)
Klebsiella planticol ATCC 33531" (AF129443)

——— Klebsiella ornithinolytica ATCC 31898 (U78182)
Klebsiella terrigena ATCC 33257" (Y17658)

97

B3 LUEIHk CX24 B9 16S rRNA EEFH AR ARG L B K
Figure 3 Phylogenic tree based on 16S rRNA gene sequence of strain CX24

T HSHIFSIURFSH GenBank %3538 55 73 SEniBr AR KA An RANERIF S M B

Note: Numbers in parentheses represent the sequences’ accession number in GenBank. Numbers at the nodes indicate the bootstrap values on
Neighbor-Joining analysis of 1 000 resampled date sets. Bar 0.02 repsents sequence divergence.

B
bp M123456789101112131415161718192021222324 bp M2526272829303132333435

L B B B B B B

4 35 AEERE nifH Z2EFE PCR #1548 KkE
Figure 4 nifH gene PCR amplification product electrophoretogram of 35 endophytic diazotrophs
Note: 1.2% agarose electrophoresis. 1-35: Strain CX01-CX35.

2,53 nifH BEEFFISH: K0T, BUrREg  REBBAL, MEsERnk 2 Pon, aTLEH,
CX24 nifH J#4I7E NCBI EPLJTHﬁXﬂL, PRSI bk ox24 XA PIBERIEHIBEY Reg R, HIE T
MHUPERE 98% L BRI AR AR, WHR  chasyepbat H itk

SRR, CX24 5 Klebsiellavariicola RIET—# ¢, S K EMEEME: R Salkowski {4
(1'5), iX 5 16S rRNA FER 73 #4550 —3, #F— Ve R g6 U S A A I 2 R

H1BH CX24 J& T Klebsiella variicola,
HH, 30 mi CX24 B H £ PI5! p
26 (A AEMERRE 2= min J& F R Y T R T DL iR

261 BRREANE: ICERAN, Mimge O RBR G, ARG ERIED. ®
JTHBE YT BERE /1 HDICD (% ovemel i sy M Riberio SRUMO kiR dibk CX24 UMLK
VEEAM LA T 1.00-2.00, J¥EmsRerhss  RAGERNGE, Ftk CX24 704 K FE B LS
R RIS I CX24 768555 2 d J5 HDICD AFE SRILE 2,
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2.6.3 FEERERBESINE : PUEREIAMBEARTEI T R CX24 FRER-S NEE R S O BRI K R
75 IR PRI REAE T IR 21 (o 22 P, AGH 25 SR B TETF 9 mm PR RFE 10 d, SCERE5R W% 3
bR CX24 K555 2 d 5, BB EASEE  Fos. S AXTIEL, CX24 HRGhAESE Tk
FEA R L)L ODeso [l AA (A FI A M RN ISR FAEK

FR B L35 RBIRAE 630 nm P AL IR )k (2) AL . SR 1A PO AR OK A
W TR BRI RE ST, A LUIEBDN, R M, CX24 THR S E IR E 1RSI BEEL. bR
BREARRE IR . MR CX24 M- BREME M JE M-SR SR 4), D BERBUR IRk 70.67%,
HAMZE R IR 20 WK 2 hAfLIEH, Bk CX24  BREmgssinghy 19.34%, MR SRR N
() AAE K 0.683, PRk iRt J1 4, 49.34%. IRIGEH, Witk CX24 B—HRmER A
2.6.4 IKFEREIRE: (1) FHOKERARS. & (2B,

CX24
1

70| = Klebsiella variicola DSM 15968" (KF7326461)

100| L Kiebsiella pneumoniae JCM 1662" (HQ4043041)

Burkholderia sp. LMG 27174" (EU9385221)

010 Delftia tsuruhatensis TT" (AY5441641)

H
5 HEk CX24nifH EE RS % B
Figure 5 Phylogenic tree based on nifH sequence of strain CX24
E: 55 hHF 5 FFS] GenBank Bk 55 3BT AFP KA AnRUGRESIE] 20 B
Note: Numbers in parentheses represent the sequences’ accession number in GenBank. Numbers at the nodes indicate the bootstrap values on
Neighbor-Joining analysis of 1 000 resampled date sets. Bar 0.02 repsents sequence divergence.

=2 EFk CX24 3#iE HD/CD B, mihEKEsE AFgkE R aE e

Table 2 Detection of the HD/CD ratio, the ability to secrete IAA and siderophore of the strain CX24
TR TCHLIE WA PR

Btk IAA Dissloving inorganic Dissloving organic Siderophore
Strain phosphorus phosphorus
. Quantitative HD CD HD CD o Quantitative
Qualitative (mg/L) (cm) (cm) HD/CD (cm) (cm) HD/CD  Qualitative (NVA)
CX24 4 19.12 1.06 0.86 1.23 1.70 0.70 243 4 0.683

Note: +: Colour change.

*3 FIRRERHT CX24 BigxkiEMFRREER

Table 3 The promotive effect of the CX24 suspension on the rice seed under aseptic condition

b3 HRAR R i8IS IS i IS
Treatment Root Increment rate Root length Increment rate Seeding height Increment rate
number (%) (cm) (%) (cm) (%)
RHK 6:£0.42° - 4.10£023° - 8.0540.25° -
Sterile water
Cx24 aﬁ 10£0.57° 66.7 5.60£0.31° 36.6 9.78+0.18" 21.4
Suspension

e SR EARF/NG F-RE08 22 57 8.3 (P<0.05).

Note: In the same column, values with different small letter superscripts mean significant difference (P<0.05).
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F4 AREHT CX24 HiRTKIENIREIER

Table 4 The promotive effect of the CX24 suspension on the rice under the potted condition

2% 3 % 3
Treatment Tiller number Increment rate Plant height Increment rate Chlorophyll Increment rate
(%) (%) (SPAD) (%)
LK 3754025 - 447341 65° - 303241.18° -
Sterile water
X24 T
¢ E@i 6.40+0.51° 70.67 53.38+1.79° 19.34 45.28+1.23° 49.34
Suspension

e ISR EAR /NG T 53808 22 53¢ .3 (P<0.05).

Note: In the same column, values with different small letter superscripts mean significant difference (P<0.05).

3 i
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