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Abstract

Rhizobia are one group of plant growth promoting rhizobacteria (PGPR) that can
elicit the formation of nitrogen-fixing nodules on the legumes. Environmental conditions
usually affect symbiosis between rhizobia and their host. The stress conditions as soil
acidity, salinity, draught etc. may adversely affect the survival or growth of rhizobia and
symbiosis. Therefore, this study focused on elucidation of rhizobial mechanisms in stress
conditions as acidity and salinity. In case of mechanisms in acidity condition,
Bradyrhizobia was selected as model. The bacterial cultivation approach was conducted
in the manner of adaptive acid tolerance. The inoculum preparation was started at pH
6.8 and then subsequently inoculated into the medium at pH 5.5 and 4.5. The 2D-gel
and proteomic analyses were used to investigate the protein regulation. The 29
identified proteins were grouped into 8 categories. Hypothetical protein, transport and
binding proteins, and translation proteins were up-regulated at pH 4.5 (non-adaptive).
While up-regulated proteins found during growth at pH 4.5 (adaptive) consisted of
proteins in cellular processes, translation, energy metabolism, regulatory functions,
interconversions and salvage of nucleosides and nucleotides, and hypothetical proteins.
These results suggested that the use of adaptive response in acid condition could
provide an improvement in the inoculant production. For salt stress tolerant
mechanism, Sinorhizabium was selected. The cell cultivation in salt conditions were 0.4
M, 0.5M of NaCl for 1 and 6 h. The protein contents of membrane were analyzed by
nanoflow liquid chromatography interfaced with electrospray ionization tandem mass
spectrometry (LS-MS/MS). A lot all 105 membrane proteins were identified. These
proteins could be classified into 17 functional categories, the two biggest of which were
energy production and conversion, and unknown proteins. These techniques would be
useful for further comparative analysis of bacterial mechanisms against stress conditions

in environment.
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§inns@nwduiiferdosfiunisnuniuaniienadulugdunidaudeudenn
Tagiamznaulsluidon faiog1atu van Dillewijn Tud 2001 udn putA gene Fsanunn
N158574 praline dehydrogenase ﬁﬂ?UﬂﬂJmi oxidative praline TUdu glutamate Huan
nsundelu Sinorhizobium meliloti MsfuwuNaNEU MCP Aifluadanismeuauadsionis
WreAelusiniwves R. leguminosarum VF39 (Hynes, 2002) M’%a@'uﬁmmumwum@lu
S. meliloti oA actS, actR, phrR uaz lpiA 8u widslinsiuszuunisauauwdn
(Dilworth, 2001) M%@LLﬁLLG@uﬁWJUQumia%’N lipopolysaccharide (LPS) Tu R. etli finase
mstudadonelsasnuinlusiungade (Reitz wazaniz, 2000) UoNAING §u17imuammi
a319 flagella Tu PGPR ngu Azospirillum Anudndaudnfeysie root colonization (Broek
wazAnly, 1998) agslsinu dvhnsmsiaeuradltnes o U%’Uéfui’fﬂﬁamwﬁﬂuﬂm
(Adaptive Acid Tolerant Response : ATR) @usavinlilslaidenunsdua Wi Rhizobium
Mesorhizobium  fianansnsalunisnunsaldmtuy wwoehdlsfiam danansfinulunga
A& Bradyrhizobium japonicum Faenunsansalulasaulaiudumdes daiu nsuSuin
Tudnwazdnamagldvinmsanelunuideid

Tuannziuuiliuumadvedlslindeniidiiofeduiivaszgaiiisiuanag
Tnewuin membrane  protein  iududdifiunuinlunsshvivsinasvonirluead
sulUisaunavesdesunisluwad vilvlslodenursalddianuaunsaluniseysenly
annziwduld §g19v09 membrane  protein vadlsluduuiineuauesoaniiziuiy
laun  glucine betaine/proline betaine transporter (a%w%u%mﬁu bet S), potassium
uptake system protein (851999n8U kup) WA outer membrane lipopertein (651931084
omp10) uenanil SslatinsAnwnsuansesnvesiuieszuuly Sinorhizobium meliloti
Tag3Bnsvne transcriptome  wuindiyadu 15 g AAstestunisidesutngead, 14
fuilfedostunmsdndesansiiiluanavuindnidrgwad 1us

ogslsfinny deyamardaranysallddosideyanisadrslusiudiiiondos
Uszneusie Taslamzmailagnu proteomic  ms1znnsuansoanvastuunsn sl
avtoudanisadialusiudu q taueld dadu lunisdnwaded 1§vin1sdne
membrane protein V83 Sinorhizobium sp. Strain BL3 meldanneihu Tneld

wAdlA Nanoflow liquid chromatography/trandem — mass spectrometry (nLC-



MS/MS)  Tunsdnuunlusiu (518a8188naU5 N lURAURATLRLUUNIEAIANWIN |

Waraporn, T., et.al., 2010)
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3.1 psAnwnalnnisnuaniazieieaiidunsavastsludey

3.1.1 wuaiedldlunisveass léun Bradyrhizobium sp. DASA 1007  (unsm)
waz B. japonicum USDA 110 aduiaienienisn

3.1.2 mawgiasadoluanmgfdunse i1 2 dnwa Tiun nsUgnialaenseadly
9s7iTen pH 6.8, 5.5 way 4.5 AuLUUTIiSnin Adaptive Acid Tolerance
Response (ATR) Tnevhnsideateluemsiiien pH 1unans (6.8) Wuran
4 Yu nthugnideadluemsdifian pH 5.5 Hue 4 fu widsgnideas
Tuewnsiifien pH 4.5 anduhidefinunindsts 2 Snvarlulgniuh
wiiesaneiugidelusl 60 \lonsavdesUsyansnmueate a A pH Ang 9

3.1.3 N saaTzrlusaumemaia 2D-gel Lazduwunlusaulaamaila LC-MS/MS

3.2 nMsAnenalnnisnuaniazaieaidundevastsludey

3.2.1 wuafiSefldlunisneass Mud Sinorhizobium sp. BL3

3.2.2 N13dfA membrane fraction vlagmzdsuteluomisaun 1 aas vl
LWaRLANAIY French press won fraction fne Ultracentrifuge azanglu 9 M
Urea Wag Trypsin ﬂﬂﬂﬁuﬁﬁﬂﬂiLLUﬂ peptide lag) SCX

3.2.3 1391 peptide mass finger printing (PMF) 1975 matrix-assisted laser
desorption ionization-time of flight mass spectrometry (MALDI-TOF MS)

3.2.4 n1sauunvila peptide Iag nanoflow loquid chromatography vinlagld
automated nanoflow liquid chromatography/tandem mass
spectrometry Gﬁa%aauﬁ’mﬁmﬁwﬂmw fast de-convolution algorithm
lugutaya protein Lynx Server V.2.0.5 saufiunmisiUSeuiiieuiugiudoya
voslUsiuvende S. meliloti 1021 7

http:gehome.kazusa.or.jp/rhizobase/sinorhizobium/genes.faa
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5.1 nmMsAnwInalnnIsnuseanIzwseaidunsavaslsladey

TuaauusnlayinnsEnwinisiasyuente LagUssdnsninvenenudindesnigla

A & =

annzMunsa wuilsludeufinisasganasluanzMunse waglianusaasylaly
anmiifien pH W 4.5 luvnedl Bradyrhizobium sp. DASA 01007 duaSun1siasaes
fandedladnindeildidunisén (8. japonicum USDA 110) #ien pH 4.5 feifu Sadenld
aneiug DASA 01007 Tun1snaasasiald

dlevimsmsdes DASA 01007 Tuannaefiidunse wuindevnisidesuu ATR
ANUNT0ANASUN53Eyves DASA 01007 71 pH 4.5 IgAninsmnsdesund 91ntu 39
¥msanwlusauiiededluanensimnnzded pH 4.5 wdeuy wuindllusaudiien
U8 29 wia awnsanuald 8 nqu lawa 1) cellular process 2) conserved hypothetical
3) transport kag binding 4) translation 5) energy metabolism 6) regulatory function
7) interconversion Wy salvage nucleoside e nucleotide way 8) 3y 9

Ima‘lﬂiauﬁgﬂﬂizé}:ﬂﬁa%ﬂﬁu (up-resulate) luaniie ATR # pH 4.5 léun
Iﬂiauﬂfjmﬁlﬁmsﬁaﬂﬁv cellular process iU chaperonin, conserved hypothetical,
translation U 30S  ribosomal protein, energy metabolism L ATP synthase,
Regulatory function 1% Two-component response regulator Wag nucleoside
diphosphate kinase %Lﬁuléﬁwﬂfcj:uiﬂﬁﬁuma'ﬂﬁﬁﬂ'gmé’uﬁuéﬁuamazLﬂ%eﬂ,@aLawwﬁ
Hunsa futu Chaperonin gnaststulutimnireudnann daihiivedusiuasifeados
funsusulsauile nsdudivedluanavediusiu wu touledlulasiua, 30S ribosomal
protein v3elUsAu L7/L12 Wungulusiuiliieadosiuniadu translation factor Tunis
a¥1alusiiy, peroxiredoxin  AduBnulaviwwedusiufidunumdu antioxidant  faty
nsldinafia ATR  UsznauduarandilaluFeswesnalnveslsiufignadrstuluaniie
wieafidunse Aavanunsaluimulidundeiivnsanluannzwndendiunseld
maly

5.2 msAnwnalnmsnudeaniazaseailuindaveslslubey
Wovihnsiwizides Sinorhizobium sp BL3  @ewuindulsludeuidanuaiuisa
nuseaneindolulIuIigds 600 mM (NaCl) 4 mageud1 membrane protein dnaln

nsnevduseanzinaeetals Tngldvalin amine-reactive stable isotope labeling



reagent (Lys-Tag) $2uAU off-line strong cationic microcolumns (SCX) wag nanoflow

liquid chromatography/tandem mass spectrometry (Y LC-MS/MS) WUINE spectra agj
12,685 spectra dothlUimsgsianeTusunsusa 3 wuu laun TopPred 1l, TMHMM 2.0
way SPOCTOPUS wudnillusfiudiidu transmembrane protein 9g 105 wiln dlothan
Suunannsadwunls 17 ngu TunguimusnniigafunguiiAeadesiu nsadrmdany 3
Aenfunszuaunisvudesidnason wenand Smulusiundudu 1 iwu naulusiudides
nsnezdlu loun ABC Transporter/permease, glycine betaine transporter, L-amino acid
transport  permease  53ulUTaNgGY protease %Gﬁﬂaﬂmﬁ’lﬁmﬁiahiw’lEJmim‘UﬂaJ
nszUILNsMYNUATITesuUATiSeloogluaniziaden

wonanty iievn1s3iAsIER membrane protein 98¢ BL3 Tuan1iz 0.4 M (NaCl)
0.5 M (NaCl) iutaan 1 uay 6 F2lus nud1d membrane protein 8 wiafignadistaly
ANTEAINENT LU ATP  synthase subunit B, peptidoglycan-associated lipoprotein
orecursor  \ud azdiuldimedagnant munsitesiamnhluldlunsdnwiiang
lanthiives membrane protein TulufsnguBuiiAsndesmendeluannziaioas 4
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