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Biochemical Characteristics of Rice Endophytic Diazotrophic
Bacteria and Their Infection to Tobacco and Maize

. . 2
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(1 Laboratory of Neural and Developmental Biology, College of Life Sdences, Fujian Normal University, Fuzhou 350108, Ching;
2 Department of Electron Microsoope, Fujian Medical University, Fuzhou 350004, China)

Abstract: Some biochemica properties of rice endophytic diazotrophic bacteria N1 ( Bacillus pumilus) , N2 ( Enterdbacter
cloacae) and N3 ( Enterocoocus gallinarum) were characterized in this study . The plasmids harbaring the reporter gene
lacZ fused to the promoters of nifH and nifHDK, and the reporter gene gfp aswel, were fird trandormed into rice endo-
phytic diamtrophic bacteria respectively through triparental mating . After the conjugated bacteria were inocul ated into to-
bacco Yunyan 85 and maize Jitian 6, the staining of 3-gaactosidase was carried out on the tobacco and maize roots and the
observation was made under the confocal |aser scanning microscope, trangmission € ectron microscope and scaming € ectron
microscope . The results showed that the ri ce endophyti ¢ diazotrophic bacteriawere not only present in epiderma cells, cor-
tex cdls and intercdlular spaces of tobacco and maize roots, but aso found in vascular tissue cdls of maize gem d9, in-
dicating that the bacteria had migrated from the roots into the stem . Data showed that the the fresh weight of maize plants
inoculated with rice endophytic diazotrophic bacteria N3 was 18.52% more than that of the contrdl .
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( Acetobacter iamtrophicus) , 1.3.1.1
; 1981
( Alcaligenes facalis) A-15, 1.0%,
(SoltAdus , 1997; Reinhold- N
Hurek and Hurek, 1986; Lima , 1987; , e e,
28 , 48 h
1981a, b; , 1982) , 1312
(1981a, b) A-15 E-26 N N NG
) 28 , 48 h
: ( (+),
, 1997, , 1999; , (-)
1999; , 2004; Hannan , 2004; , NI N2
2004) | N3,
28 , 48 h 4 30 min
| (+),
' ’ (-)
1.3.1.3 N1 N2
N3
3 ( , 2005), |
: 3 (+), : (-)
, 1.3.1.4
N1 N2 N3,
’ 28 48 h
(+),
(-)
1.3.1.5 M9
(NH, ),S0, 1.0 g, K,HPO, 1.4 g,
1 KH, PQ, 0.6 g, MgSO, 0.1g, CaCl, 0.1, 59, NaCl
1.1 ,pH 6.8 7.0
85 6 NaCl M9 NL N2 N3,
1.2
N1 ( , Bacillus 1.3.1.6
pumilus) N2 ( Enterabader cloacae) N3
( , Enteococcus gal linarum) 1%
( , 2005) pHOB0 20s
ofp ( )
pGFRI412 1.3.1.7
ofp ( ) , 28 48h , 2ml
nifH lacZ a- 1ml, : 40%
PAB358 ( ) PRK2013 0.4ml, , 4 h
; nifHDK
lacZ pMB210 ( ) 1.3.1.8
, 28 48 h,
1.3

1.3.1
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1.3.1.9 (pH=7.2) 3 15 min
, 28 48 h, : : , 5
, , 10 min 12% 0s B-
1.3.1.10 (Boivin , 1990; , 1996)
, 28 48 h, 0.3
0.5ml, : 1.3.5
1.3.1.11 7d 14d 21d 28d
, 28 48 h B-
2 3 10% : , , 3%
: : : 1% :
1.3.2 op lacZ , Spurr : LKB2088
(1997; 1998) ( , 1996) :
gp lacz NI N2 N3 1.3.6
1.3.3 ofp
1% 5min, 7d 14d 21d 28d ,
5 95% 10 s, 5 10 : :
, LB 28 2d LB 1h, LB
: 1/2'MS 28 48 h,
1 : )
: 26 :
16 h 8h 488 nm, 568 nm
2 3 , 488 nm + 568 nm ;
Hurek ( ) , 488 nm+ 568 nm+ (
: N1 , 2002; , 2003; , 2004)
N2 N3 Hurek : 2201/ /
min, 28 3d , , 1.3.7
50ml 4 10000 r/min 5 min, 7d 14d 21d 28d
, PBS (pH =7.3) ; ,
: 2ml, : ,
; 3cm , : 60 80 nm,
, : ., JEM-100CX/II (
26 , 2000)
1.3.4 B- 1.3.8
lacZ
N1 N2 N3 , )
1an , : JOM-5310LV
10 20% 5 min, 1.3.9
10 : 7d 14d 21d 28d
LB , : 0.1%
1h eppendorf HoCl, Smin, 5 , 70% 1 min,
LB 28 48 h, : 5 LB
: 1h , LB
: 0.1mol/L 28 48 h, LB
(pH=7.2) 3 5mn 0.2mol/L O O ,
(pH=17.2) 1.25% ( 500 mg) ( 1
30min, 1h 0.2 mol/L Q) , ,
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PBS (pH =7.3) 20
ml, 10" 1077, 400 | 3%
Ashbg , 28 . 6
48h 3% 5% ,
1.3.10 (1)
: 2 3
Hurek , 2.2 B-
1 Hurek ’ B-
N1 N2 N3, 220 r/min, ,
28 3d , 50
ml 4 10 000 r/min 5 min, , ,
: PBS (pH = 7.3)
; 2 ml, ( 1. Q)
- 2.3
3 , 10
2
1 ( 1: D) ,
N1 : :
: N1 ;
N2 N3 , 2.4
, N2 N3
, gfp
N1 N2 N3 , ( 1. F 2: 1),
1

Table1l Biochemical and physiological charecteristics of endophytic diazotrophic bacteria obtaned from rice plants

Rice endophytic diazotrophic bacteria

Rice endophytic diazotrophic bacteria

Characters N1 N2 N3 Characters N1 N2 N3
( Bacillus  ( Enterdbacter  ( Enterococcus ( Bacillus  ( Enterdbacter  ( Enterocoacus
pumilus) cloacae) gallinarum) pumilus) cloacae) gallinarum)
(Glucose) + + + + +
(Lactose) + (Citrae utilization)
(Mannitol) + + + +
(Sucrose) + + + (nitrate reduction)
(Arabinose) + +
(Xylose) + + (indole production)
(Mannaose) + +
(Amylase) (salt tolerance) :
(Urease) + 0% NaCl
3% NeCl
(Gelatin hydrdyss) 6% NaCl
(Catdase) + + + 8% NaCl
(Oxidase)
+ + (Prenyldanine deamnase tegt)

(Voges Proskauer test)
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. 100

1 A. . B. lacZ N1 B-

N1 ( ); E. , F G. ofp
. F. afp N3 ( ); G. afp
N3 ( )

Fig.1 A .Control, tabacoo roots without inoculation; B . After inoculaion of the endophytic diazotrophic bacteria N1 tagged with lacZ gene, tobacco roots
were stained for 3 -gd actosidase activity; C . Micragraph of a free-hand cross-section of a tobacco root inoculaed with the rice endophytic diazotrophic bacteria
N1 tagged with lacZ gene dter histochemical staining o3 - gal actosidase (the arrow) ; D-E . Semi-thin section of tdbacco roots; D . After inoculation of rice en-
dophytic diazatrophic bacteria N1, the diazotroph bacteria were found in cell of tabacoo roats (the arrow) ; E . contrd, tdbacco roats without inocuation; F
G . The observation of tadbacoo roats inoculaed with rice endgphytic diazotrophic bacteria tagged with gfp gene under the confocal laser scanning microscope;
F . After inoculation o rice endophytic diazotrophic bacteria N3 tagged with dfp gene, the diazatrgph bacteria were found in the cdls of tobacoo roots (the ar-
row); G . After inoculdion o rice endophytic diazotrophic bacteria N3 tagged with gfp gene, the bacteria were found in the cell s of tobacco roat tip



216 30

2 H M. ofp 7 H. A
ofp N3 ( ). ( ) J. (
): K ofp N2 ( ). ( ), L ofp
N2 ( )y ( ): M. ofp N2
( ). ( )
Fig .2 H-M . The observaion of tobacco and maize inoculated with rice endophytic diazotrophic bacteria tagged with gfp gene under the confocal laser
scanning microscope; H . Control, tdbacco roots without inoculation; 1 . The diazotroph bacteria were found in the cell s of tobacco roats i noculaed with rice

endophytic diazotrophic bacteria N3 tagged with gfp gene, (cross section) (the arrow); J. Control, maze roots without inoculation (cross section) ; K .
The diazotroph bacteria were found in the cells o the maize roats inoculated with rice endophytic diazotrophic bacteria N2 tagged with gfp gene, (cross sec-
tion) (the arrow); L . After inoculation of rice endophytic diazotrophic bacteria N2 tagged with gfp gene, the diazatroph bacteria were faund in cells of
maize gem, (cross section) (the arrow) ; M . After inoculation of rice endophytic diazatrgphic bacteria N2 tagged with gfp gene, the diazotroph bacteria

were found in vascular tissue cells of maize stam, (cross section) (the arrow)
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); S. N3 14 ( ); T.

Fig .3 N . Control, the vascular tissue cells o maze ssem without inoculaion were dbserved under the confocal laser scanning microsoope ( cross section) ,

O-T . The observation of tdbacco and maize roots under the transmission electron microscope; O . The observation of tobacoo roats with inoculation  endo-
phytic diazotrophic bacteria N2 after 14 days, The diazotroph were found in cdl of tobacco roots (the arrow) ; P . The dbservation of tobacco rootswith inoc-
ulation of endophytic diazotrophic bacteria N1 &ter 21 days, The diazotroph were found in cdl and intercdlular spaces d tobacco roas (the arrow) ; Q .
Control, tobacco roots without inoaulation; R . The observation d tobacoo roots with inoculation of endaphytic diazotrophic bacteria N2 &ter 21 days, the
diazotroph were found in cdl d tobacco roots (the arrow); S. The observation o tobacco roots with inoculation of endophytic diazotrophic bacteria N3 after
14 days, the diazotroph were found in intercellular spaces o tobacco roots (the arrow); T . Control, the cells o maze roats without inoculation
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Fig .4 U . The observation of maize roots with inoculation of endophytic diazotrophic bacteria N2 after 14 days, the diazotroph were found in cell of maize
roas (the arrowv) ; V-Y . The observation o tobacco roots with inoculation d endophytic diazotrophic bacteria under scanning electron microscope .V . Con-

trd, tobacco roots without inoculation; W . Showing the enlargement of parts of fig . V; X . The observation of tobacco roots with inoculaion of endophytic
diazotrophic bacteria N3 after 14 days; Y . Showing the enlargement of parts o fig . X, the diazotroph were found in cdl of tdbacco roas (the arrow)
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