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1

Table 1 ~ Bacterial strains and plasmids

Strain/Plasmid

Relevant characteristic

Source

Sinorhizobium meliloti

042BM Wild type strain  Cm" This laboratory
042BMA-Km 042BM noeA ~ mutant noeA Km Cm' Km" This study
Escherichia coli
DH5« Host of recombinant plasmids Hanahan D. 1983 !!
pJQ200SK Cloning vector suicide plasmid carrying sacB  Gm" Sevilla Univerisity
pRK2013 Helper plasmid  tra * Km" Wolk C P. 1991 2
pUC4K Carrying Km cassette Km" Ap" Taylor I A.1988 *
pJQ-A noeA DNA fragment cloned into pJQ200SK  Gm" This study
pJQA-Km Km-cassette in Pstl site inserted into noed of pJQ-A Gm" Km" This study
pGEM-T easy T-A cloning vector Ap" Promega
pGEMT-A PCR product of noeA cloned into pGEM-T easy Ap" This study
1.2 1.7 PCR
042BM TY B 100pL. ddH, O 79mL 10 x
28%C Escherichia coli LB Tag buffer 10mL MgCl, 25mmol/L  6pL.  dNTP
14
37 10pmol/L. 1pl. noeAPl  10pmol/L 1pl.  noeAP2
1.3 s 10pmol/L 1pl. - Tag DNA 10U
25pL PCR 0.5mL
30d
10
1.4 noeA PCR DNA “ "
1021 A PCR
"o 94°C 10min 94°C Imin 51°C
PCR noeAP1 5'- ) ) .
2min 72°C 3min 30 72°C 10min
ATGGCAAGAATGGCGGACAG-3’ noeAP2  5'-
TTACTCTGATCTTTCGAACG-3’ 2
PCR SOl ddH, 0 40.54 10 x P 21 042BM moed
042BM DNA AP1
buffer 5pL. dNTP 10pmol/L 1yl noeAP1  10pmol/L, e
. noeA P2 PCR PCR
1pL noeAP2  10pmol/L 1pL 042BM DNA 1pg Pfu .
DNA 2U 94°C 4min 94°C 1min POEM-T easy E. coli DH3a
50°C 2min 72°C 4min 30 72°C 10min SOug/ml. IPTG— X-gal LB
Pfu DNA pGEMT-A
Tag DNA PCR GenBank
dA http //www . ncbi. nlm. nih. gov/ Blastn
pGEM-T easy noeA GenBank
Accession NO. AY573929 042BM  noeA 1021
1.5 noeA 99 % 042BM NoeA
DNA 16 Blastp 1021 NoeA 97 %
DNA DNA NoeA Mesorhizobium
14 sp. BNC1 SAM-
1.6 noeA 32% 303 ~ 362
pRK2013 Yersinia pestis
o noeA . Km Haemophilus somnus 50S L11
042BM 20p.g/mL PrmA 160 ~ 220
7#g/mL 3% B © mmﬁ%@:ﬁﬁ%&?&mlﬂ] ¥?ﬁ;g{;ﬁf‘aﬂ http://journals. im. ac. cn
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Photobacterium profundum Ll11 2.2 pJQA-Km
174 ~ 234 40% noeA
1 Apa 1 Spe | pGEM-T easy

NoeA  .iee.i.a... MARMADSKLVARAPRPGRVAGSFRDPSGQVFHFQDRILRTMDSAAATE 48
ZP00193419 MNEPRPLQKGATVAIESLSGVDTTPQAIEREPGSYRDRNGAVFYGDGRVFRYLSAQALAN 60
28 1172 0
CRAG2L693 ottt ettt e i 0
NPAOTLLL oottt ettt e e et e et et e e e 0
ZPOOL32569 4t ttitt sttt e et e e e e e e 0
NoeA FASAERVMRQLVV . . EGRLVDFSDAEPSLHQLFQGSIARVLOHPLLEQITYPYEWSFAGL 106
ZP00193419 WRLLEVAPFFQVFKREGHVVDTWTVDPGAEGLELGRWAGVVEHARMPFISYPYEWSFGML 120
20 T 0
CAG21693 ottt e 0
NPAOTILL oottt et ettt ettt e e et e e e e e e e e 0
ZPOOL32569 1t ttitt et ettt e et e e e e 0
Noeh KAAALFHLOLQLDLLDQGFCLSDATRYNVOFEGSRPTF I KPYRDGQLWYGHKOFC 166
zP00193419 KDAALLHLELMRGALSADMILKDS IQWNGVRPVFIDT HSFEPLNKG ) 180
PrmA e ANAHOLSOATMEA . 35
CAG21693 .MLKFHARISPLCSNRSQI ISELTMPWIQIKLNATAENAEALG ET 59
NP40T11L oottt NORHSLG S . 35
ZPO0132569  .oiiiiiiiiiiiii EKAEKI SEYLFRT . 35
NoeA EQFLFPL FOTTHHSWYRGNIEGVPSAD 226
ZP00193419 ELFLYPLMIOAYKGVDFRPWIRARVIDGL PAEEMRA 240
Prma DTPVFEPLPGETRLWGDTDV DAETDM 95
CAG21693 DTPVFEPMPGETRLWGDTDV 119
NP407111 HONPVFEPLPGETRLWGDTDVI{ 95
2P00132569 QDTPIFEPLPGETRLWGNTDVIA 95
NoeA RTSQTKVDLGDSRARRIPKOFR] ?;glYSWISeLuNDveuQSVW@FYN@NNTYTATQR 286
7P00193419  YRcORMMRGALADAGHGKAL T HRNVEKL SRV GRIEPANT KTfWADY DRTHSY DDAFLN 300
PrmA [EREWMDNFHPMRFGERLWI CPSWHDV POENAVNVMIDEGLAFGEGTHPTOYLCIAWLDS 155
CAG21693 EREWMVNEFHPMRFGRRLWL CPSWREAPEPNAVNVLEDEGLAFGTGTHPTTIYLCLEWLDAD 179
NP407111 EREWMDNEFHPMRFGE ROV POPTAVNVMDPGLAFGIGTHPTTALCLGWLDS 155
7P00132569 [EREWMDNFHPMKFG] RFT PDENATNVMEDPGLAFGIGTHPTTALCLIWLDS 155
NoeA SD N 346
ZP00193419 KKIFVRRSAATRHWRLAW.J8 359
Prma D vzl g 203
CAG21693 D OATQASRDNAER 227
NP407111 D OATIQASRDNAQR 203
ZP00132569 [D ATTRIINNAED 203
NoeA -KN. .. .[Fi#HLYLDARNPSPSQGWGERERQGFSSRFSADAFLA \ 401
ZP00193419 . . . [TBLVVNLADASPSQGWRCAERKAITERGRPELTLC VTS 415
PrmA ADVVVANILAGPLREL] GLE 261
CAG21693 ADVVVANILAGPLREL 285
NP407111 ADVVVANILAGPLREL] 261
ZP00132569 ADVVIANILAGPLKEY 261
NoeA AEVVAWVTQVAPK(J HKEDETVRRMLAGREDI FSDYNEEAFASALSQKARVVRKHL 461
ZP00193419  ADFISWLAGLETSLVIEEVGRDOEMVKLLANKDDQYDDYHPDVFRALLSAHFDIQAEEP 475
PrmA YROSFA 293
CAG21693 T DI A 317
NP407111 ag—hb LU DPVAEKEEWCR I TG 293
ZP00132569 D Y(OGKETLDP ITEREEWCRITGKINS FV 296
NoeA IPGSKRTLYTFERS 475
ZP00193419 LKGGKRHIYFATAK 489
PrmA
CAG21693
NP407111
ZP00132569

1 042BM NoeA Li11
Fig.1 Sequence identifies of 042BM NoeA with L11 methyltransferases
7P00193419 SAM-dependent methyltransferase PrmA CAG21693 NP407111 ZP00132569 are the 50S ribosomal subunit L11

methyltransferases of Escherichia coli  Photobacterium profundium Yersinia pestis and Haemophilus somnus — respectively.
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Apa I Spe I ~ pGEMT-A 5% pJOA-Km
noeA DNA sacB 042BM
Apal  Spe | pJQ200SK
noeA pJQ-A noeA 5% Tpg/mL Cm  20pg/mL Km  TY
259 346 667 3 Pl noeA
Pst 1 pUC4K PCR noeAPl  noeAP2
Pst | pJQ-A noeA 042BMA-Km DNA
E . coli DH5a
pJQA-Km PCR noeA
noeA 266 ~ 666 401bp 042BMA-Km PCR
DNA 1241bp 2.2kb 042BM PCR
2.3 042BM noeA 1.4kb 3 042BMA-Km
pJOA-Km noeA 401bp  Pst I DNA
042BM noeA  Km 1241bp DNA
noeA noeA w M 1 2 3 4
2 21227 —
poed Geaoniic DNA
of 012BM 5.184 —
3.530 — =
2027 — e b b BRI
i = < 1.4kb
[ o povkm eTivV
ook 3 noeA primer 042BMA-Km  PCR
N e
e Fig.3 Colony PCR products of 042BMA-Km with noed primers
l e onic LNAGL M. ADNA/ EcoRl + Hindlll 1. PCR product of 042BM genomic DNA
L W'r:m_ (M2BMA - Kt 2~4. PCR products of 0(42BMA-Km genomic DNA.
2 Km  042BM noed 2.4 042BMA-Km

Fig.2  Deletion of 042BM noeA with Km cassette

2 042BMA-Km

042BM

Medicago sativa

Table 2 Nodulation of 042BMA-Km on different cultivars of alfalfa

. . Number of nodules Nodule Fresh weight of nodules Plant top dry weight
Cultivar Strain

per plant/mg color per plant/mg per plant/mg

Putong Zihua 042BMA-Km 4.94+0.33 Pink 2.25+0.25 7.60+0.26
042BM 3.77+0.50 Pink 1.82+0.16 5.55+1.14

Baoding 042BMA-Km 4.71+£0.53 Pink 2.54+0.30 8.22+0.48
042BM 3.33+£0.58 Pink 1.00+0.00 5.62+0.90

Ningxia 042BMA-Km 5.08+1.04 Pink 2.42+0.29 9.00+0.50
042BM 4.44+0.77 Pink 1.33+0.58 4.81+1.15

Baifa 042BMA-Km 4.17+1.34 Pink 2.00+0.00 6.13+1.24
042BM 2.25+0.25 Pink 1.58+0.38 5.75+1.09

Aochan 042BMA-Km 4.67+0.34 Pink 2.33+0.35 6.17+0.76
042BM 2.76+0.29 Pink 1.65+0.92 5.00+0.00

Huanghou 042BMA-Km 2.00+£0.38 Pink 1.50+£0.35 5.92+1.66
042BM 2.42+0.42 Pink 1.33+0.58 5.50+0.71

Zahua 042BMA-Km 2.75+0.87 Pink 1.58+0.38 6.50+0.75
042BM 3.75+0.29 Pink 1.75+0.00 5.33+1.76

Milu 042BMA-Km 3.83+0.76 Pink 2.17+1.04 8.17+1.89
042BM 5.67+0.29 Pink 3.25+1.06 15.00£4.95

Value in the table is the means + SD. Triplicates were done for each treatment 5 plants per tube.

© PERPEMEMM RIS RIES

http://journals. im. ac. cn



2 042BM noeA

199

2 042BM
042BMA-Km

noeA

10 042BM
042BMA-Km

noeA

noeB

042BM NoeA
K-12
PmA 160 ~ 220
PmA  LlI
L1l 7

303-362
508 L11
41%
L11

RNA

'8 042BM  NoeA
NoeB NoeA
L1l

RNA

L11

NoeA L11

noeA

042BMA-Km

1 Hungria M Pueppke S G. Molecular signals exchanged between host
plants and rhizobia basic aspects and potential application in
agriculture. Soil Bio Biochem 1997 29 819 - 832.

2 Kaneko T Nakamura Y Sato S et al. Complete genome structure

of the nitrogen-fixing symbiotic bacterium Mesorhizobium loti . DNA

Res 2000 7 6 331-338.

3 Kaneko T Nakamura Y Sato S et al. Complete genomic sequence

of nitrogen-fixing symbiotic bacterium Bradyrhizobium japonicum

10

11

12

13

14

15

16

17

18

USDA110. DNA Res 2002 9 6 189-197.

Galibert F Finan TM Long S R et al. The composite genome of

the legume symbiont Sinorhizobium meliloti . Science 2001 293
5530 668 - 672.

Ardourel M Lortet G Maillet F et al. In Rhizobium meliloti the

operon associated with the nod box n5 comprises nodl, noeA and

three host-range genes specifically required for the nodulation

1995 17 4 687

noeB
of particular Medicago species. Mol Microbiol
—-699.

Tn5-1063

042BM noeB

2004 44 2 206 - 209.
Pelicic V' Reyrat ] Gicquel B. Expression of the Bacillus subtilis
sacB gene confers sucrose sensitivity on mycobacteria. J Bacteriol
1996 178 4 1197 - 1199.
Quandt J] Hynes M F. Versatile suicide vectors which allow direct
selection for gene replacement in Gram-negative bacteria. Gene
1993 127 15-21.
Taylor L A Rose R E. A correction in the nucleotide sequence of
the Tn903 kanamycin resistance determinant in pUC4AK. Nucleic
Acids Res 1988 16 358.
Duelli DM Tobin A Box J M et al. Genetic locus required for
antigenic maturation of Rhizobium etli CE3 lipopolysaccharide. J
Bacteriol 2001 183 6054 — 6064.
Hanahan D. Studies on transformation of Escherichia coli with
plasmids. J Mol Biol 166 557.
Wolk C P Cai Y Panoff J] M. Use of a transposon with luciferase as
a reportor to identify environmently
cyanobacterium. Proc Natl Acad Sci USA
5359.
Honeycutt R J  McClland M Sobral B W. Physical map of the
1993 175 21

responsive gene in a

1991 88 12 5355 -

genome of Rhizobium meliloti 1021. ] Bacteriol
6945 — 6952.

Sambrook J  Fritsch E F  Maniatis T. Molecular Cloning A
Laboratory Manual. 2"ed. NewYork Cold Spring Harbor Laboratory
Press 1989 908.

Vincent ] M. A Manual for the Practical Study of the Root-Nodule
Bacteria IBP Handbook No. 15. Oxford Blackwell Scientific
Publications 1970 164.

de Bruijn F J Rossbach S Schneider M

et al . Rhizobium meliloti

has three differentially regulated loci involved in glutamine

biosynthesis none of which is essential for symbiotic nitrogen
1989 171 3 1673 - 1682.

Vanet A Plumbridge ] A Alix J] H. Cotranscription of two genes
prmA  and

K-12. J

fixation. J Bacteriol

necessary for ribosomal protein L1l methylation
pantothenate transport in  Escherichia coli

1993 175 22 7178 - 7188.

pankF
Bacteriol
Draper D E  Reynaldo L P. Survey and summary of RNA binding
strategies ribosomal protein. Nucleic Acids Res 1999 27 2 381

- 388.

© PERZFRMEDHRATIKESHEE http://journals. im ac. cn



200 45

Cloning deletion and functional analysis of noeA from Sinorhizobium meliloti 042BM

DU Bing-hai JIANG Ju-quan LI Xiao-hong WANG Lei YANG Su-sheng”
Key Laboratory for Microbial Resources and Application of Agriculture Ministry Department of Microbiology
College of Biological Sciences China Agricultural University ~ Beijing 100094  China

Abstract 042BM noeA was obtained by PCR. It is identical to that of S. meliloti 1021 at 99% level and similarity of
their NoeA is 97% . In addition it was found that this protein shares significant homology with the SAM-dependent
methyltransferase of Mesorhizobium sp.BNC1 32% similarity — and the similarity of its 303 ~ 362 region to the 160 ~
220 region of L11 methyltransferases of E. coli PrmA is 41% . Compared to 042BM the noeA deletion mutant
042BMA-Km showed different degrees of increase in number of nodule fresh weight of nodule and plant top dry weight
on alfalfa cultivars of Putong Zihua Baoding Ningxia Baifa and Aohan but decrease on Milu. However this mutant
has no significant change in ability to nodulate cultivars of Huanghou and Zahua. Hence noeA is involved in alfalfa
cultivar-specific nodulation.

Key words Sinorhizobium meliloti noeA gene Deletion of gene Nodulation
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