TRAE SRR Jun. 20, 2019, 46(6): 1336—1345
Microbiology China DOI: 10.13344/j.microbiol.china.180523

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

— M EMEEREE S E NN08200 L ER EMHEME
£ K1EH

FEED ¥R ORBMEY HEFE' AN 2h%7 AEE
1 VR B E B AE TS RT TP BT 530007

2 IS R E A S0 T 530007

3 TTURAERYBE JPE R 530005

i EIFFIAS LEZ0AEBARRBRLTHEL RO EEZRSE T —. FIHAEHE R
AR RAEH R AR A IEE, AN A E RGBT R IZEF A R AL KRB R LT H8E LB
FEEREREL. (801 RmaSaH RN ARRE, P LB R R B A KA AATIFN. [
HY AT EH R ERIRALR LB Rk B —AR A A B 5 HR NN08200, A Tkt ik il 2 B) 5B
M, @IEHE PCR 3 nifH AR AT EHMKRA B AH; BT HAREFHERFH KT SR, Biolog
M %K A GAn 16S IRNA KB 55| 547 iz B AR e o &5 R 28300 2 3 MRt H R 69 5 1R
A RER, FAR N B E e 2 g Anx B Rk, (4R ] B4k NN08200 #) B fUBHE
A 3| 2 445 nmol CyHy/(h-mL), BEAred nifH REKEH 339 bp, HHEA LB RABRATH
Gluconacetobacter diazotrophicus PAL5 B #k#9 nifH #8415 99%; ARIE B bRIZ IR MK Fo B AT 0L
22, Biolog @0 @ %% % 4ife 16S rRNA KB 53] 5474 R, E 4k NN08200 2 T2 H /& (Pantoea sp.)
mE; ABEAE R NNOB200 # R ER S HES G ST £, PN R E o4 RRNERZ
AR RAAAR AR, Efert A AT RIFRE B 2 E 05 H 7.49%. 15.02%F= 10.79%, HBLAEE
RAE B HE®FHEALE ZBEXF 4 G. diazotrophicus PALS, F)F /& & 465 B, £ vt A
ZAFRIF RG> FEN A A 3.53%. 9.44%F= 4.87%. (45461 #H+k Pantoea sp. NN08200 £ &+
EANABRRY, £BRITAKZEN RS T G. diazotrophicus PALS Bk, T 2 AL m A B B Rk
A ApReFt A FE A, Tt — R T RS B A AL a9 A X AR

REEIR: HE, AABRA, RARMER, BffHL

Foundation items: National Natural Science Foundation of China (31101122, 31660025); Natural Science Foundation of
Guangxi Province (2016GXNSFBA380178, 2017GXNSFBA198118); Special Scientific Research
Funds of Guangxi Academy of Agricultural Sciences (2015YT76, 2017JM37, 2017JZ06)
*Corresponding authors: Tel: 86-771-3242208
E-mail: LI Yang-Rui: liyr@gxaa.net; HU Chun-Jin: chunjin-hu@126.com
Received: 05-07-2018; Accepted: 26-09-2018; Published online: 13-11-2018
E&WH: EZEHAARP#I4 (31101122, 31660025); | 74 H SR *# 3L 4: (2016GXNSFBA380178, 2017GXNSFBA

198118); JPHRFIBEEAFHINL 55 %1 (2015YT76, 2017JM37, 2017JZ06)
*EIE1EE: Tel: 0771-3242208

E-mail: 255 liyr@gxaa.net; 1% : chunjin-hu@126.com
YgFs HEA: 2018-07-05; 3£ HEA: 2018-09-26; M4k % HHR: 2018-11-13



S PEAE — PR RO E P A [ U NINOB200 11456 i K X H R i At A KA 1337

Identification of an endophytic nitrogen-fixing bacterium
NNO08200 from sugarcane and its growth promotion of sugarcane
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Abstract: [Background] Nitrogen fertilizer input for production in China is very high, which is one of the
most serious impediments of the sustainable development of agriculture. Research on biological nitrogen
fixation (BNF) has increased significantly because of its potential importance to economy and the
environment. [Objective] The aim of this work was to screen and identify efficient endophytic
nitrogen-fixing bacteria of sugarcane, and to demonstrate their potential for associative nitrogen fixation
with sugarcane as well as plant growth promotion. [Methods] An endophytic diazotroph strain NN08200
was isolated from the stem of sugarcane, and its nitrogen fixation was tested further by using the acetylene
reduction assay and PCR amplification of the nifH gene encoding the iron protein of nitrogenase.
Identification of the strain species according to its culture character and the microscopic observation,
automatic bacteria identification system and by analyzing their 16S rRNA gene sequences. To demonstrate
its potential for associative nitrogen fixation with sugarcane and growth promotion activities, strain
NN08200 was inoculated into micropropagated sugarcane seedlings to investigate their plant
growth-promoting and associative BNF activities using the *N isotope dilution technique. [Results] The
acetylene reduction activity of strain NN08200 was 2 445 nmol C,H,/(h-mL), and PCR amplification of
nifH amplified approximately 339 bp fragments from the strain. Cloning and sequencing of the amplicon
showed that strain NN08200 contained sequences that were the closest match to nifH. Based on phenotypic
characteristics, Biolog system test, and 16S rRNA gene sequence analysis, strain NN08200 was identified
as Pantoea sp. Compared with the uninoculated controls, strain NN08200 significantly promoted the
growth of micropropagated sugarcane seedlings by increasing dry weight and plant height of sugarcane.
N isotope dilution assays demonstrated that the associative nitrogen fixation rates of NN08200 in the
sugarcane roots, stems and leaves were 7.49%, 15.02% and 10.79%, respectively, which were higher than
that of Gluconacetobacter diazotrophicus strain PAL5, whose associative nitrogen fixation rates in the
sugarcane roots, stems and leaves were 3.53%, 9.44% and 4.87%, respectively. [Conclusion] Strain
NNO08200 has the potential to efficiently fix N, in sugarcane and promote sugarcane growth.

Keywords: Sugarcane, Endophytic nitrogen-fixing bacteria, Promoting effect, Strain screening
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& NN08200 7 fLf5 4P %5 5 mL LB 55577,
FEREPRH 30 °C ., 200xg £ 31 7% X E0h 5 . B
1 mL B 10 000xg &.0> 5 min, Bk FiE, SR H
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1.2.3 EHEE nifH 18 5FE5 54
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5% 120 mg/kg.
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PR PG H R AR B AR AL bR G, diazotrophicus
PALS [ &5 1 1.68 umol CoH4/(h-mL).
54 PolyF/PolyR %§ NN08200 Btk T T
PCR Y1, /15 T —4cK/NEYy 400 bp 1 B, DT
AT SRR HZY 1 Bl 339 bp A9 nifH JER T
H11, UERW] NNO08200 bk & A HH 8k [l AU mkHgk 2k 11 5
B, I E R N A AR . 32751 2 7E NCBI &Sk,
Bok's ol KX539264, FIFHH MEGA 4.0 fhj
Ttk nifH ERFHIM R G R EW(E 1), 45
FH] NN08200 itk 5 H e N A= [ A RS FR A T G.
diazotrophicus PALS5 PRFEs L I B T, AHRITE

iK% 99%.

22 HEHRMSELETEER

221 HEHHESHEEEFFEK
L7~ A4E R kE NN08200 FACH EAFIR, LA

SRRz 5, PR/ A (0.5-1.0) pmx(1.0-3.0) pm

(I 2A). BHFRTE NA B53R3E IR A, WA

B, MG, MY, S, NN08200 F ik Y

S PRAE A5 600 T4 8 A T ) SR A A 20 R AE

Ashby Pt IR KKK, EW 2 FEVREE,

WKL, hgotis, WEMmNS, i

651 Gluconacerobacter diazotrophicus (AMBEY283.1}

16
22

NNO8200 {(KX539264)

Pantoea sp. (F1593776.1)

28

I

Plectonema ¢f radiosum (KC243671.1)
Sinorhizobinm fredii (LT615117.1)
Azospirillum brasitense (GQ161241.1)
Pantoea agglomerans (F1875969.1)

Panroeq sp. (IF1822992.1)

—
0.1

1 4P4EEMIE B BR NN08200 B9 nifH EE R %4 Bt

Figure 1 Phylogenetic tree of strain NN08200 based on nifH gene sequences by Neighbor-Joining method
e F5SHAHHCANE Y GenBank US55 43 3T B H AYECT 7R Boostrap 37485 R R ER B ML AL B . A,

Note: The numbers in parentheses represent the sequence accession numbers in GenBank. The numbers in each branch points denote the
percentages supported by bootstrap. The scale bar represents substitutions of per nucleotide position. The same below.

-

2 Bk NN08200 HYFLASHFAE

Figure 2 Morphological characteristics of strain NN08200
W A: B B: WA

Note: A: Bacterial cells. Scale bar=2 um; B: Colonies.
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Pantoea dispersa (HIM161869.1)

Pantoea dispersa (KF054777.1)

64
64 NNO8200 (FI823045.1)

28

Erwimia sp. (HQ706112.1)
33|— Erwinia sp. (HQ154566.1)

Pantoea cypripedii (KCI133127.1)
Pantoea agglomerans ((GQ374472.1)

Bacterium (1Q779043.1)

—
0.000 2

B3 ETF 16S rRNA EE F5I A HECEME E K NN08200 I R4 & B ik
Figure 3 Phylogenetic tree based on 16S rRNA gene sequence of strain NN08200 by Neighbor-Joining method

222 HFHAY 16S rRNA ERFISMREGZ .

¥ E Bk NN08200 1y 16S rRNA JE:[K F 41 1E
NCBI ¥ TAELRIRIIR Xt , 255 R %
5 Z ¥z )& (Pantoea) 41 B 19 AH L PE e v, TE
97%-99% Z[H . RGEKE M (K 3)Bn, Wk
NN08200 5 #lx i iy L A1z 7 Pantoea dispersa
(MH542330.1) F i— 1433, RUX AR
G R
223 HFkH) Biolog ¥ERFENITER

Biolog #/E W% RGAN BN 12 h B FERE
NN08200 11 i Ui 1 15 3% 5 % % & ' Pantoea
agglomerans FHJVLHECE (SIM {8) 4 0.54, 3B iZ # bk
5 Pantoea agglomerans FUAH IR & o

AR R R VR A ATEZS | 16S rRNA
JEFR A4 6 51 23 BT Fl Biolog %858 R 5040 Bt R,
P FR NN08200 %7 o i 1 BHZ 1 J& (Pantoea)
A
2.3 EREBHRE D AR

WFREE R, HERTAPE NN08200 7£8 H
DU AR FRIE FRER 5 d, RRERP/KIE RS
H R Al A 152.30 mg/L, 1fi4ERh G. diazotrophicus
PALS TR & TR ok v Pl & i 131.35 mgl/L,
NNO08200 7E I 1A 355 4514 T K i TC AL 1) 8 R
WALT PALS [Etk, 22550 B EKF-(# 4).
24 BHHEMMEBEMNRENNAIESESR
S

BRRRAE RO B TN R0 28 B 00 2 T A
X RRCRA R IR 1 H RS B A &

180

160 | Aa
140 Bb
120}
100 |
| Cc
[ |

NNO08200 PALS Control

= o
(= = =}

Phosphorus content (mg/L)

[
(=1

]

4 TE¥K NN08200 AR A BEA AR 2T
ELER

Figure 4 The concentration of soluble phosphorus in
fermentative liquid of strain NN08200

0 ARFEFORAA TR 22 RAE 0.05, 0.01 K F2EREE.
T 1.

Note: Different letters mean significant different at 0.05 and 0.01
level. The same below.

A PN BT PR 90 d, AHFLARIERIAYXT IR, 1%
Filt NN08200 #2551 H IEHH5 11 BO Ak LA SAR |
2. MR, SRl H IR 23.43%. 9.47%.
22.04%71 27.03%; 5 PALS Xf B9 (2 4E K AR
WA T RN B Ak NN08200. WA H 7E B9 1Y
AR BOR R IAESE SRR S DA AR . 221
TH,

FeF NN08200 FRRAUML B H AR ES T
ON e BEAR T80 R Xt BEH RE R, 22 5 AE 59%1Y
EEKTBE ., B NN08200 bk H HELH 5 1)
2RI S SRR R E 43505 7.49%
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F 1 ¥EM NN08200. PALS EHkAT HE(BI H)E KR ARF AN
Table 1 Inoculation effects of NN08200 and PALS5 on growth and nitrogen use of sugarcane

. FHTE -4 i R
Treatment yﬁw_k'ﬁj Average dry weight () Average fixation efficiency (%)
Average height (cm) # Root 2% Stalk I Leaf M Root  ZEStalk I Leaf
NNO08200 58.56+4.98Aa 2.16+0.19Aa 3.42+0.27Aa 10.01+0.56Aa 7.49 15.02 10.79
PALS 57.73+7.00Aa 1.94+0.15Aab 4.19+0.27Bb 9.41+0.63Aa 3.53 9.44 4.87
CK 47.44+5.61Bb 1.97+£0.10Ab 2.81+0.21Cc 7.87+0.52Bb 0 0 0

15.0297# 10.79% , HHRA [ AACHE B2 00 T H BE R
AR EPE G. diazotrophicus PALS, Fi|JT1J5 #4255
HRERR . 25t A S P RAR AU 43550 51N
3.53%. 9.44%7l1 4.87%.
3 WES®

e RIR E R EEARRMEYY kR
FEIX L 90% LA oA Rk, H3EGRK . AR RE
2, ALIERI ARG, Fod AR ERIE Rt i L
T FSEH A H— A E, R A 7 A
AR, B EEREg ST, Ak, 2 EbRbE
gt T RE R BB P E R T
SO Bl M A 4 s DR T R
f AR KR TR, RER AR EZ RS20, 1
1R BRI T i e R LA, 1
FERPAE BAS A SR — R R FREH
BEA P AU A 500-700 kg/hm?, 2 [ Fg -
I G 8-10 5, SR EN BTG U 280 kg/hm?
(g 2 425228 i RN P 2 B A R A 2 A
AR AP RS HER b S AR E R
Bz —, BERSEAETAE 60%%K H A
A, TEMIEZORIERIE A B KRR, A
RBVRAIOTSE . JF R AR FFEIR Bl AT RR2k &
A T B . RO R S R G
[l SRR [T R AT T, X R e R A 7 g
JIRR I H R A SIS, LA TR [ H 7
oA BT R i HAT R 2T A 2

ASBIFSE G 18 0 ) TR P9 A [ (A R NIN08200
AR 0 RS, nifH JEDRZ0H4s SR s 1L
R FE T AR IR R hEE, PN R R R

Sy BTEE R BRI RS H R BES A RCR B
PEFH e Z AR F kR G. diazotrophicus PALS; [
WF, Bfk NN08200 HA RIUFMIAEREIR, X142
i B R 327 X LT - A B R B = ) LA
WEAER I N s AR A0 45 SR R B T R )
TR B RA KA, HErAb 3 AR R Y
PR AR T EE 3 LEXT AR 20% 0 I, Sk SERF 5T 45
RIIHUR T HFE NN08200 HA7 R A [ &A= W ER
B REFEDCHTET S, A 240 25 R R e
Pk NN08200 J& T2 K& (Pantoea) 4 i . T4k TK
FEIBFE TAEE MR A5 . AR F3 58
IR RAT T AR R B AN, ELE R s 40
XTI ELAT R R AR KA . kgt
ELSE |5y BRI N AE B AR R Pantoea spp.
GWR2, GWR3 HAM =M™ IAA GEJ1, 709h
186.07. 162.21 ug/mL, GWR2 FtH " ACC JIii & Jiff
R R JCHLBRRORE T MRS e Iz
VB £ AT AR A A R R O D T A 5 2
MEASE N g b S gy, ERE. k.
LI AZE | FEE SRR EYR . 25
LAY B AR T IZ R N A R s RSP SEIE
B NG B rh o3 B i e AR 15 B INZE T Pantoea sp.
PPO4 tLAEMNS B et R B K B pker )
WFFEUE B KTl P4 2 [ 8002 TR a8 240 TR g 35 2
PN AR IR AR PR RE S Ak, R
AR R g P2 1 R A AT e | s
REARP 2 R L RIRR Sy B e
U2 AT S 240 TR () F 2 - ] 0 4 D R B v )
BCBL, [RlET HAA A Ve AR RS B
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JEURE B S RE U A BIT T AT B0 H E P 2R AR
Pantoea sp. NN08200 X} H i [t & X vk G.
diazotrophicus PALS5 A HA XS 1E5% . WikE K&
R PR RECR BN B R, B Ve bR
HHER S B A VLSRR TS ), IR
18 34— 25 B 98 R R P AT A 3 3 R A S A A

I RREA R H BRI [ AR R AR
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