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A Nitrogen-Fixing Bacterium Paenibacillus sp. GD812
Antagonistic Against Plant Pathogenic Fungi

CHEN Qian, GAO Miao, HU Hai-yan, XU Jing, ZHOU Yi-ging, SUN Jian-guang

(Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences/Key Laboratory of Crop

Nutrition and Fertilization of Ministry of Agriculture, Beijing 100081)

Abstract: [Objective] The objective of this study is to screen nitrogen-fixing bacteria antagonistic against plant pathogenic
fungi and research nitrogenase activity, nifH, physiological and biochemical characteristics, identification, stress resistance of the
functional strains and inoculation effect on plant and to prepare strains for microbial fertilizer production. [Method] Nitrogen-free
medium was used to isolate nitrogen-fixers and confrontation method was used to screen antagonistic bacteria against plant
pathogenic fungus. Nitrogenase activity was determined with acetylene reduction assay. 16S rDNA and nifH were amplified with
PCR. Strain identification was carried out based on the morphology, physiology, and biochemical test and 16S rDNA sequence
analysis. Microbial inoculation effect on plant was tested with a pot culture in green house. [Result] One strain designated as
GD812 was selected, which showed nitrogenase activity 30.661 nmol C,H,/h-mg protein, and strongly antagonistic against plant
pathogenic fungi Gibberella zeae and Verticillium dahliae with the inhibition rate of 59.5% and 49.3%, respectively. nifH of GD812
is 300 bp sharing 98% sequence identity with that of Paenibacillus sp. Bs57. GD812 was identified as Paenibacillus sp. based on the
results of morphology, physiology and biochemical test and 16S rDNA sequence analysis. Further investigations showed that GD812
could use 20 of the 35 tested carbon sources, could grow under temperature ranging from 4 to 50°C, and could grow in range of pH4
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tol1. Pot culture result showed that fresh weight of Chinese cabbage inoculated with GD812 increased by 52% compared with the
control. [Conclusion] The newly selected Paenibacillus sp. GD812 showed high nitrogenase activity, strong antagonism against
plant pathogenic fungi, extensive carbon source utilization, stress resistance and good inoculation effect, which is a candidate to be

further developed for microbial fertilizer production.
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[ Fea LY Bk BRI R = 16 4k 2= IR I A 77
FRASEAEIG N, [ U P IR 5 5 8L 52 )
HEEBUF IS EE . 55— )51, ER RS
AR A PP RCE R AR S M R ALK, AR Wit
KA R Z SR AR EE, )7
I 28 A A PR T IR A ST . AR AR
PIRERI R AAZ O, TR B2 P PO i) i A
AT Rl AR AR A P R AR G . LR A
TE 7t 3t g LA AP 1 R 0 I AR A SR iz A 9,
Z RN, 1100 Z4NE, HEINE RGKE L)
—e bl EM R R 2 B S % AN K
07T, EAN A4 ¥ F fBurkholderia nodosal?.
Gluconacetobacter kombuchae B!, Novosphingobium
nitrogenifigens . Pseudacidovorax intermedius®™ .
Phytobacter diazotrophicus®%#i &k & B, [H A thE
HIARET S, AR RIS 550 S5 2
RESI B IR IEIR /D o LU U Y S 1) 8 ] AT
FUIOTE T B0 0 32 v K 1 0 P et b, SR PO
IRyt — P Ik FE P2 AR B Wi (Gibberella zeae)
MKRAEEZ 1 (Verticillium dahliae) HIThRER, [
IS E 7E AR FONIfH . Prdide . BERhRORSE, DUA T
AR A 7 i 4 B o U
1 RS

ARG 2009 4F 1 H & 2010 4F 12 HEF E AR
b e A M B Y 5 Al DX KB 9 T 56 Bl
1.1 Htk. HR5RF
1.1.1 B E®HE%BE Azotobacter chrooccum
ACCC11103 S5 T Hl 757k, 2 [ B E M IRk 7=
FABF, BT P AL RL2E B AR B2 8 5 ARk X
IV ST A VIR S R R 7T, EARHIE 58 R AR
BHAE XS HE B Pk . AR5 5 1R 252 20 75 B0 B RS {3 28
993 1 A LA MRk 2 B AR Ml W IR - AR X R 7 i A
KB I AR

1.1.2 #ea 5 R LR 70 4320 R H bt

WEE S by I AR BRI TR TR B
B, MRE. SN ). BT 13 AMETTHBKX,
F B AR HAEYR bR . 550 B Jb 5K
FIA 7 FiSigmad | .
1.2 BaEsBREREEENE

[E] 20 B 1 20 R L G R B 7 2k BEHE 10 g, NaCl
0.12 g, K,HPO,4-3H,0 0.5 g, CaCO3 1 g, MgSO4-7H,0
0.2 g, Z18/K 1000 mL, pH7.2. & USSP E 7
VT L SCHR[9] -
1.3 FHhREERNEREFE

P iR FEPD A B E R B 2 cm
(P R b0y BB RV E P TR LR (2275 B0 A AR
TEBE P9 T ) 0[] Z0RRT R PR, BN IE AL EE 3 N E A,
DU 25 it 2 T A ] 20T 1) P AR A . 28 °C B
B53%, 15 dJE FH 22K 20 FE RO URg~F A9 Ji B
T WO [T S8BT 7 1) B TR VR AR RO TR S
HH BT Rre. R B AKIMHIR (%) = Cf

W2 A3 r o — SXof R 5% 7995 i B0 1A 1R VR AR )/ IR
1%2ro X 100%.

1.4 TR EIBEWIFENZER 16S rDNA FFID 4
TEAS MAE B ARFED 2 77155 % CF LA &
i T MR (B M, 16S rDNA
MFr 5 R GKE 25 3R], HE B 7R L LX)
K F EzTaxon FINCBI ¥4 i, R4 K & 7 H R H
MEGAR I #4t .
1.5 nifHERET SRR S
Ti522% 3R [13] . HE AR AL iE 18 h, BREUTF
B V& 1 NPCRIEAR . IE[ 5 #): 5-GGCTGCGATCC
(CGA)AAGGCCGA(CT)TC(CGA)ACCCG-3', Jz A5l
#): 5'- CTG(GCA)GCCTTGTT(CT)TCGCGGAT(CG)
GGCATGGC -3'. RFifAZR: 2XmixTaq25uL, 54
(20 umol-L™) 2 uL, HEHR %, FIZK 40 E] 50 ulLik & .
AR 95°CAE M 1 min, 58°CiB/k 1 min. 72°C
ZEf 1 min, 3t 35 MEIR. DNARF T K A P 4
Hr777% 7 16S rDNA.
1.6 BEMBEERF A S
1.6.1 BRIFEFIA K B I8 K 5 3 40 g AL Atk
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Fr ekl ((NH,),S0,4 2.0 g» MgSO,-7H,0 0.2 g.
NaH,P0O,-H,0 0.5 g. CaCl,-2H,0 0.1 g. K,HPO,0.5
g. 718K 1000 mL. g 209, pH6.5) 1, &S
N 1%, HRIREA . BRI AU AR E A,
AT ER K B OBES 3 IR, TS B B ODgoo Ny 1.0,
ANTRR LR 10 LR, 895, Ml R KIS
BRI S 35 Ff, LURATRE BT B, OB 7R 5
BRI 3 IRER .
1.6.2 mBOENYE  SRATCEIGTREE, 73 1E 4. 28,
37. 60CHIFR. MEE. KA EEN M, 4
WP 3 IRE K, &1 D812 M EAFRBHREMNHIIER
1.6.3 TitihtE R TLREILFRE, A% NaCl #KEs Fig. 1 Suppression of GD812 to Gibberella zeae
AN 2% 5%. 7%. 10%, BAMGEE 3 RER, B,
SR 0 3% R kI 54 o
1.6.4 TEME RATCEREFRE, W% pH 750k
3. 4. 5. 6. 7. 8. 9. 10. 11, H/NbFE 3 REH,
Bige. SR, 1Ot PRI ER B .
1.7 BEMRIAE

2010 4 5—6 H PAZEH 7 UAE i [ A A2 Bk
Ml BRI M X R 7T T = kAT, 5 VR R SCRR[T]

2 #R

2.1 HEmmREENSYEREGE
S KRN EESFM . dift, EoEFEe E2 6D812 ¥Rt EEREAHIER
AR T RIG TR FAKRI Y 103 k. & [E & Fig. 2 Suppression of GD812 to Verticillium dahliae
Vi P N RS L RO U RS, N ERA E Hh f iE
FI[E B S R S YU R B R VBRI AR 1
B, 95 GD812. i B Ik [l MR IS M ik 30.661
nmol C,Ha/h-mgfE [, Gt/ & T B PR HE B
[ 4 8] 20 IR ACCC 11103 ) [l U 5 4 (9.741 nmol
CoHa/h-mgi ) o XTIHRIREE K&, GD812 xf#&
AR E I R AR AR 28 2500 B 3 B R RS PUIE R, 0

%4 B 5] 59.5% 1 49.3% ([ 1. [€2) . 1500
2.2 ESEBHUESEMEE 1000
2.2.1 B KAEBAMNFHE Bk GD812 1E L AN

IR PRV IE . REDEIRE . GRS WA 300

R, 1.2 umX (2.5—6.0) um, ;F2ZH, WHETEHI3E,
HARIEMN TN, B2 RGO A A AURFAE 4N
Ao CK: FAtkxtiE; 1. GD812. [ 5 [l

2.2.2 16S rDNA A #r R E MY LZ L5 E Bk M: DNA marker; CK: Negative control; 1: GD812. The same as Fig.5
GD812 ] 16S rDNA 2N 7 BtZ1 15 kb (K 3) , 5

NCBI Al EzTaxon ¥ et CLA TP 1Y 165 1DNA 5] 3 BHR GDBI2 A9 165 rDNA POR 448

HEAT7E 28 [FIE I L), 45 5L 5% GD812 5K HHukf i Fig. 3 16S rDNA PCR amplification of strain GD812




3346 H S 44 %
* [ERE D812 Bk IR AT

Table Physiological and biochemical characteristics of strain GD812

A B A ALRRAE I L5 A AR AL RE RIS LR
Physiological and biochemical characteristic Result Physiological and biochemical characteristic Result
PEfilifiE /e B Catalase reaction + PERE 2K A T P72 Sugar fermentation

FAALH 3L Oxidase reaction - D+7i %] % D+glucose +
VP 3 VP test — D+ 4 D+ sucrose +
M5 SEG Idol test + D+FLH# D+ lactose +
B4k Gelaune liquefaction + D+3£3. ¥ D+ galactose +
YERKAE Starch hydrolization + D+{Z## D+ribose +
YR %N Lecithinase test - L+FiF2 (B L+ arabinose +
AR EHIE 5 Nitrate Reduction + D+4# D+ fructose +
FIEZT Methyl red test — D+ &2 D+ mannitol +
FESARYY R Litmus milk + D+1LALEE D+ sorbitol +
FrIE IR FIH Citrate test + D+ 2 D+ maltose +
KPR MR i 2 B Phenylalanine deaminase — D+£74k — % D+cellobiose +
7= 23l Dihydroxyacetone test + ‘Hih Glycerol +
i % B =<, Gas production on glucose +

pH 5.7 2K %E Growth at pH5.7 +

0.001%:34 Hifi Lysozyme test +

“HrRONPME, “—"FRRFATE “+ mean positive,

“—”mean negative

J& Paenibacillus polymyxa E681 ( GenBank % 3% 5
CP000154.1) U1, Paenibacillus peoriae DSM 8320"

( GenBank & 3% 5 AJ320494.1 ) [®1 | Ppaenibacillus
jamilae CECT 5266' (GenBank% 3% 5AJ271157.1) 1
[ R JRPE S E 99 % LA o i B RIVEME KT 95%[ 25 4

100

72
97

74

TOAF B8 A & PP R HR ) 16S rDNAJF A, K H
MEGA# 144 16S IDNAZR G KB W (K 4) . MK
4 il L, BEARGD812 5 TR IE 1) 2 R 2 2 AT 1R
Paenibacillus polymyxa E681 3 5% & fvilt , H 99.80%
FRIARABAE o

87~|: GD812
95

01 Paenibacillus polymyxa E681

02 Paenibacillus peoriae DSM 83207

03 Paenibacillus jamilae CECT 5266"

01 Paenibacillus polymyxa IAM 134197
04 Paenibacillus brasilensis PB1727

| 05 Paenibacillus kribbensis AM49"

100 l 06 Paenibacillus taejonensis AM141"

07 Paenibacillus hunanensis FeL05"

08 Paenibacillus puldeungensis CAU 93247

0.020

0.015 0.010

0.005

0.000

4 [E%RHE GD812 i 16S rDNA R4 B E
Fig. 4 Phylogenetic tree of strain GD812 based on 16S rDNA sequences
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R4 T R T SR AE . A B AR AR, K 16S
rDNAZE (K] Eb xf 45 -, 2 I (Bergey's Manual of
Systematic Bacteriology) MCURI (% W4 R4 K E T
W), BEHRGD812 % & NI A fllH B Paenibacillus
sp..

2.3 nifH REEIRME

B Pk GD812 [ nifH 24 300 bp (EI5) , &
ik DNA P Hl NCBI Hdls EAELR XS, 1ZE:H S
Paenibacillus sp. Bs57 (GenBank % 3¢5 GU328708)
(1) nifH F=PARBLUE A 2] T 98%. K 6 41t 115 GD812
BRI mifH [EIVR M v P [ 2B T
2.4 TE#K GD812 Xt hkiRAIFI A Rt

86

100

M CK 1

bp
400
300

5 Ttk GD812 n/fH PCR 3 1%
Fig. 5 nifH PCR amplification of strain GD812

o5 [ 06 Stenotrophomonas maltophilia ISSDS-774(EF620508)

08 Paenibacillus polymyxa DSM 356(AJ224428)

09 Stenotrophomonas maltophilia ISSDS-759(EF620505)
98 ' 10 Ralstonia sp. ISSDS-784(EF620512)

02 Paenibacillus sp. GJ46(DQ364796)
98 ' 03 Paenibacillus sp. GJ9(DQ364795)

04 Paenibacillus sp. Nz29(GU328700)

05 Paenibacillus sp. Nz28(GU328699)

01 Paenibacillus sp. Bs57(GU328708)
99 ' GD812 nifH

07 Paenibacillus zanthoxyli JH29(DQ364788)

11 Ideonella sp. Long 7(AY231580)

0.15 0.10 0.05

0.00

6 [ERE D812 n/fHEERRGLER
Fig. 6 Phylogenetic tree of strain GD812 based on nifH gene sequences

2,41 WRIEFIA HEAE GD812 MURRIEFIF Bk Sk
i, TELL L-TNER. y-2E THR. Hili. D-1LAYREE.
D-AHE M — BRI R 7R 0 FAE KR, VAR5
T CLERE A B IR (B P B 76 DA L-RTRiqfTpE . L-K
AW, D-2F4E . D-JRbE. D-2REAKE. LA,
o, D-FLKE . ZZ2FERE. D-REME . REREAN D-Ifg Ay i —
BRIk AR RAF, BTSN T AR B
PR IE ;72 UWIKS . D-HERmE. D-HEsmMm L-
AR ME—BRIF IR 7R g K, WVE R T
CATE BN BICIR G BE M R FELMTIR IR . R L-K
1A% AWERE. D-HEIMEERR . L-AEiR. LK

ENER. PR, D,L-FLMR. DL SRR, KR,
BER . BT R B-FAOBIRS AN R 80 Dy — iR
MR EAAK.
2.4.2 PUME BEEk GD812 PrisithciE, T LI 4
—BOCHEE NAK, MR pH4—11, T 2%NaCl.
2.5 MR

= ARG SR, D E SR E A E GD812
Ja, AR, WK, EmEEket, m TR
BEFP AL PE bR T e EE 2,68 g/fk, XHIR4L 1.76 g/
P, R0 A B P 34 fF 2R EL X IR A I T 52%, 2 5

&
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AERHR A A = e AR = k), 7E 3 R
Bl AGZERRRNRRE R, BTN, (8Tl A is A
H, FTUCHED A KR E BERERENE R IR,
PRI E ), (AR B IR A A REFR K
FERhes B HUIERRES st T3 ah b, $em LaEE M,
A IERE R O E IR K ACE 7, Rt
THGEEN IS, BEBUR, R0 AR
KHRERS ) 3 ) e Ak, SR I B R R B A
LIREE G AR TAEDAE K IIRBRIA S, e m 11
W71 s RHESTEIN ), (HEBERE IR
AR FrLh, 3 FAERLS AR, BEATC R
B AHEATEAR,  JLREE IS B GRAEEY A = IR
gt LR DR . PEm. R YRR BT
AV EDAR PR E S IR ES . FEHUEY R 45 3R
T VE RN TARBEAEM A 7= 7o 00 RIEAA AR R
HUAERHAE F A 2

F R IR LA R B8R T B (Fusarium
graminearum) , AR EIEY I EEBRE . HENE
TREEIIH 95% 2 F AR B A 91 KT, SR KT R
AFXMARIEZ X E BRI E, K2 S K
20%—30%1 = fE k. BhAh, EWIEREE K, K
Fo. KESED), SlEMA . 2. 5. RS
MEAETE 250 1 LA LI AR IR R, ZF RVEHIR)T, Bz
PR T R FR AL, ISR PETAEYIHE . HEME
YIRS, 4. MHZE. Zhk BREMSRE. i
T OB FA. NS PR, PAEAROAR. TEFFAE,
faHEME, ERERETR . A6 IRk 21 %
I U GD812 3t 22 2 7 5 i T 11 i 2874 5] 59.5%, Xof
WAL TS 2000 B A B 2R 2 49.3%, fEMINEMI R RS
FEIIFIRS, B v LABG (bR LA, B HEEE L
R AT ST ARG RIS R R A L=, Wik
GD812 X /N ML RAEM w4 KAE 1)
W FUAN RSB 2 T — b A T AE .

SRS SR S A ] ZEUCAE ) 28 R A R R
(Azoterbacter) . [H % JE (Azomonas) . FEnt
M K @ (Beijerinckia) « #5737 I & (Derxia) «
4T 14 J& (Xanthobacter) « [#] %0 14 J& (Azospirillum)
K A2 B )8 Aquaspirillum ) . 5 B AT BB
(Campylobacter) . WK EJE (Klebsiella) &K
FFEJ® (Escherichia) . J#F 5 )& (Enterobacter) .
ZEHIATE B (Bacillus) « )& (Clostridium) . H

fi J\ & Bk B JB ( Methanosarcina ) . &% AT & J&
(Thiobacillus) . 2182 J& (Rhodospirillum) . 1%
¥ B B JB ( Rhodopseudomonas ) . 4L i H @
(Chromatium) . £ 1% )& (Chlorobium) %5191, i
FERBEARIE, MR E4E 13 AN 13 FHER
BRIty 70 4 HAER 2 BB 181 MRE R, HAFH 65
PRI TR AT B, o 3 B A ) 36%, 52 KT
BT A EE, SRR 29%, BE A THEE 65%:;
17 EL LT M BURESB X . T VE AR Bl T L 23 B
FIX 2 FE[E G, 1A 2 A B AN 2 AT
VEPIAR B [ G800 A P 1) 2 E 2, i HLRC s 2
YREY 2 k. Ak, KERAAEERR IS
AT B BT PR 7E HE 6 BN B R BL, WP
donghaensis™™ . P. forsythiae®! . P. sabinae®?. P.
taiwanensisi®®l. P. zanthoxyli®, P. riograndensis .
P. sophorae®®®. P. jilunlii ®. P. sonchi®®®%, M 55—
ANTTTH ERAIE T A A4 ] 6 2 e 1 28 2E F AT B E AR
AR 2. BRI i S 4l S RE SR T
[ S0 A0 790 e sk SR 2 S s ), iy LA 4 1 SR S
SR B, LR SR SIS N AR ST, e
e G ) 1A ] AR A ARk B ok 122t ) 2 2 AR R i R
EHIAT B
AR 77 2 () [ 205 GD812 W] LA A 35 it

BRI 20 oty A 2 PRBEIE 2SR, i R B pH4
—11, AKEEEE 4—50C, MEHERNAE IR,

nifH 356 K] 2 A0 3] 2% 2 00 45 L 40 Sl st A% R
R PRI TR E R, HPUREER . &
SE N AT B AR RIS 45 R TR T GD812
PR B ] G0 P BERH I, L A 1 B T 55t

4 ZEig

532 2] 1 Wk ] 220 GD812, 1% ik [F & Bl i7% 14k i »
XF 22 KRB IR WAL I R AR E A . R
LA ERFHE . 16S rDNA FE R L x5 BN 3 A
{LHFE, GD812 # % & AR AT Paenibacillus
sp.; %Pk nifH 2[4 300 bp, 5 Paenibacillus sp.
Bs57 AHAAME S, RS E 45 L GD812 K AT fit
7158, FIFHBRIE 1z, &N R VG K, AR
RIS R RO, TR ORI R
) ] R A P AR A P B
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