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Table 1

Bacterial strains and plasmids used in this study

Strains and plasmids

Reletive characteristics

Reference or source

Strain
S . meliloti
Rm1021 Sud7 str-21 ExpR™ wild type Stu" 11
Rm8530 formerly expR101 Rml021 ExpR*  St" 2
Rm11528 Rm8530 sinR  Gen 12
E . coli
DH5a sup E44 A lac U169 ¢ 80 lacZ A M15 hsdR 17 rec Al end Al gyr A 96 thi-1 rel Al Lab stock
MT616 pro-82thi- 1 endA1 supE44 hsdR17~ hsdM * recA56 Chl"  carrying pRK600 13
Plasmid
pGD926 Tet" no promoter-lacZ promoter fusion 14
pGQL21 Tet"  fla promoter-lacZ promoter fusion This work
pGQL22 Tet™  mot promoter-lacZ promoter fusion This work
GQL23 Tet' che promoter-lacZ promoter fusion This work
1.3 0.3% LB/MC 28C 2d
“lacZ Rm1021 Rm8530  Rml11528 3
16mm 13mm 16mm 4d 22mm
MT616  Rml021 ODgpo ~ 17mm  20mm ExpR*
0.5 1:1:1 1-B
13 3
1.4 B-
B- Miller © Rmi2]
ODyy = 0.5 ODgy =2.0
B
1.5
0.3% LB/MC
2~ 4d 16 Kodak 1 S . meliloti
Fig.1 Motility of S. meliloti strains. A Cultures were stayed at room
v temperature for two hours B Migration of bacteria on a swarming plate.
95% This experiment was repeated three times.
2.2 ExpR motC
Hoang SinR-Sin |
10min
Smin
" ExpR flaA  motC
cheY1 lacZ ExpR
2
B motC
2.1 ExpR” FxpR* Rm8530
3 Rml021 ExpR- Rm8530 Rml1021  ExpR" SinR~ Rm11528 172
ExpR* Rml1528 ExpR*  SinR™ 48h motC FxpR*
zh ExpR” ExpR* SinR~
1-A 3
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2 ExpR mot 4 Hoang HH Becker A Gonzalez JE. The LuxR homolog ExpR in
flaA  cheY1 lacZ combination with the Sin quorum sensing system plays a central role
3 in Sinorhizobium meliloti gene expression. J Bacteriol 2004 186
5460 — 5472.
ExpR motC
A 5 Greck M Platzer J Sourjik V et al. Analysis of a chemotaxis
J . . .
7 Rhicobia ol the garly exponeniial phase . L. g . .
" L Rhizabia ot the late exponential phase operon in Rhizobium meliloti . Mol Microbiol 1995 15 989 —
1000.
i — —

6 Scharf B Schuster-Wolff-Bithring H Rachel R et al. Mutational
analysis of Rhizobium lupini H13-3 and Sinorhizobium meliloti
flagellin genes  importanceof flagellin A for flagellar filament
structure and transcriptional regulation. J Bacteriol 2001 183
5334 - 5342.

B-galactosidase activityA Miller unith
(%]
=

7 Scharf B. Real-time imaging of fluorescent flagellar filaments of

Rmln21 Rm&s30 Rml1528
Siraing

Rhizobium lupini  H13-3  flagellar rotation and pH-induced
polymorphic transitions. J Bacteriol 2002 184 5979 — 5986.
2 motC 8  Platzer ] Sterr W Hausmann M et al. Three genes of a motility
Fig.2 The expression of motC . operon and their role in flagellar rotary speed variation in Rhizobium
N meliloti . J Bacteriol 1997 179 6391 — 6399.
eapR 9 Eggenhofer E Haslbeck M Scharf B. MolE serves as a new
chaperone specific for the periplasmic motility protein  MotC in
Sinorhizobium meliloti . Mol Microbiol 2004 52 701 -712.
ExpR LuxR 10 Schmitt R. Sinorhizobial ~chemotaxis a departure from the
I 18 B motC enterobacterial paradigm. Microbiology 2002 148 627 —631.
ExpR* 11 Leigh JA Signer ER Walker GC. Exopolysaccharide-deficient
mutants of Rhizobium meliloti that form ineffective nodules. Proc
Nail Acad Sci USA 1985 82 6231 -6235.
12 Marketon MM Glenn SA  Eberhard A et al. Quorum sensing

Rm8530
Mot

controls exopolysaccharide production in Sinorhizobium meliloti . ]
Bacteriol 2003 185 325-331.
1-B ExpR motC 13 Finan TM Kunkel B De Vos GF et al. Second symbiotic
Rm&530 megaplasmid in Rhizobium meliloti carrying exopolysaccharide and
thiamine synthesis genes. J Bacteriol 1986 167 66 - 72.
14 Ditta G Schmidhauser T Yakobson E et al. Plasmids related to

the broad host range vector pRK290 useful for gene cloning and for
Anke Becker Graham C Walker Juan E

Gonzdlez Rm8530

monitoring gene expressing. Plasmid 1985 13 129 - 153.
15 Miller J. Experiments in Molecular Genetics. NewYork Cold Spring
Rm11528 Harbor Laboratory 1972 352 — 355.
16 Wei X Bauer WD. TnS5-induced and spontaneous switching of
Sinorhizobium meliloti to faster-swarming behavior. Appl Environ

1 Cheng HP Walker GC. Succinoglycan is required for initiation and Microbiol 1999 65 1228 — 1135.
elongation of infection threads during nodulation of alfalfa by 17 Mayfield CI Inniss WE. A rapid simple method for staining
Rhizobium meliloti . ] Bacteriol 1998 180 5183 - 5191. bacterial flagella. Can J Microbiol 1977 23 1311 - 1313.

2 Pellock B] Cheng HP Walker GC. Alfalfa root nodule invasion 18 Pellock BJ Teplitski M Boinay RP et al. A LuxR homolog
efficiency is dependent on Sinorhizobium meliloti polysaccharides. J controls  production  of  symbiotically  active  extracellular
Bacteriol 2000 182 4310 - 4318. polysaccharide [l by Sinorhizobium meliloti . J Bacteriol 2002

3 Spaink HP. Root nodulation and infection factors produced by 184 5067 - 5076.
thizobial bacteria. Annu Rev Microbiol 2000 54 257 —288.
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A LuxR family regulator ExpR regulates the expression
of motC operon from Sinorhizobium meliloti

LUO Li LIU Fang-hua ZHU Jia-bi YU Guan-giao™
! Institute of Plant Physiology & Ecology Shanghai Institute for Biological Sciences Shanghai 200032 China

% Graduate School of the Chinese Academy of Sciences Chinese Academy of Sciences Beijing 100049 China

Abstract In Sinorhizobium meliloti strain Rm1021 ExpR* mutation results in the overproduction of EPS [I  which is required for
efficient invasion of root nodules on the host plant alfalfa. VWhen rhizobia were grown in LB/MC medium for 36-hour then placed at
room temperature most of ExpR* mutant Rm8530 cells aggregated at the bottom of the tubes but ExpR* sinR double mutant
Rm11528 and wild type Rm1021 did not. The ExpR* mutant was also found to swim slower than Rm1021 on swarming plates but
the ExpR* sinR~ mutant showed almost the same as wild type. The average diameter of swarming plaques for Rm8530 Rm11528
and Rm1021 was 13 16 and 16mm respectively when bacteria were incubated at 28°C for two days. After four days the plagues
enlarged to 17 22 and 20mm respectively. These results indicate that ExpR* mutation causes a serious defection of motility in this
condition. By flagella staining with silver nitrate method it was noted that all three strains had flagella. It suggests that the
swimming behavior of Rm8530 may not result from the change in components and structures of flagella. Based on DNA microarray
data Hoang speculated that the Sin system seemed to regulate a multitude of genes in S. meliloti including genes that participate
in succinoglycan production motility and chemotaxis as well as other cellular processes Hoang et al.2004 . And most of the
regulation by the Sin system was dependent on the presence of the ExpR regulator. Accordingly the expression of the flaA cheY1
and motC operon was determined using promoter lacZ fusion in different genetic backgrounds. The results showed two fold lower
of motC expression activity in ExpR* mutant strain Rm8530 than in wild-type strain Rm1021 at early exponential phase and this
decrease was hold back by further mutation of sinR. However the -galactosidase activity of motC-lacZ fusion was almost the same
in three strains at later exponential phase. These results suggest that ExpR may repress the expression of motC operon in a low cell
density but this repression can be deprived in a higher cell density. It may be a good explanation to the motility of Rm8530 on
swarming plates since it is lower cell density of bacteria on the swarming plates. Therefore it may be concluded that ExpR both
involved in the regulation of EPS [ production and motility in S. meliloti.
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