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Sinorhizobium sp. BL3 is a salt-tolerant strain that can fix atmospheric nitrogen in symbiosis with leguminous host
plants under salt-stress conditions. Since cell membranes are the first barrier to environmental change, it is interesting
to explore the membrane proteins within this protective barrier under salt stress. The protein contents of membrane-
enriched fractions obtained from BL3 were analyzed by nanoflow liquid chromatography interfaced with electrospray
ionization tandem mass spectrometry. A total of 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 proteins
not in clusters of orthologous groups (COGS). In addition, a comparative analysis of membrane proteins between
salt-stressed and non-stressed BL3 cells was conducted using a membrane enrichment method and off-line SCX
fractionation coupled to nanoLC-MS/MS. These techniques would be useful for further comparative analysis of mem-
brane proteins that function in the response to environmental stress.

Key words: Sinorhizobium sp., membrane proteome analysis, mass tag, salt stress, strong cationic micro-columns

Salinity is one of the environmental factors that adversely

affects Rhizobium-legume symbiosis at all stages of the

Rhizobium-legume interaction. Salt stress causes a reduction

in the number of rhizobia attached to root hairs and a

decrease in active N2-fixing nodules (38). The mechanisms

involved in cell adaptation or survival under salt stress have

been intensively studied. In salt stressed cells, the outer

membrane proteins provide an interface with the surrounding

environment. Moreover, membrane proteins play an impor-

tant role in maintaining cell volume and the intracellular ion

balance (33), the transportation of nutrients to and from

the cell (19), conjugation (21), controlling cell morphology

(36), intercellular communication, and cell metabolism (37).

Several rhizobial membrane proteins have been reported

to respond to salt stress, including a glycine betaine/proline

betaine transporter encoded by betS (5), a potassium uptake

system protein encoded by kup (29), and an outer membrane

lipoprotein encoded by omp10 (40). At present, large scale

expression profiling of membrane proteins is well estab-

lished. The first insight in a global study of gene expression

under salt stress in Sinorhizobium meliloti was reported by

Ruberg et al. (35), using the transcriptomic approach that

allows a comprehensive global analysis at the mRNA level.

Fifteen genes involved in ion uptake were down-regulated,

and 14 genes involved in the transport of small molecules

were up-regulated. Nevertheless, a number of experimental

and computational studies have suggested that information

on gene expression should be complemented by protein

expression data to adequately describe and model cellular

metabolism (16). Therefore, it is necessary to perform a pro-

teomic analysis, especially at the membrane level, to confirm

the transciptomic data, since mRNA levels are not always

representative of protein expression levels (15).

A membrane proteomic analysis is considered highly

challenging due to the extreme physicochemical properties

of membrane proteins. Two-dimensional gel electrophoresis

(2-DE) enables the analysis of membrane proteins when

special precautions are taken (37). Analyses using 2-DE

have identified 37 membrane proteins from Escherichia coli

(26), 23 from Salmonella enterica subsp. enterica (previ-

ous S. typhimurium) (28), 14 from Klebsiella pneumoniae

(27), and 15 from green-sulfur bacterium Chlorobium

tepidum (1). Using sodium dodecyl sulfate polyacrylamide gel

electrophoresis (SDS-PAGE) in combination with liquid

chromatography-tandem mass spectrometry (LC-MS/MS),

114 integral membrane proteins were identified in Halo-

bacterium salinarum (20) and 79 membrane proteins were

detected in Mycobacterium tuberculosis (14). Emerging gel-

free proteomic approaches have provided powerful tools for

the analysis of complex mixtures and have made membrane

proteins accessible for mass spectrometric proteomic analy-

sis (43). With online 2-dimensional liquid chromatography-

tandem mass spectrometry (2D-LC-MS/MS), 333 membrane

proteins were obtained from Pseudomonas aeruginosa (4)

and 248 from M. tuberculosis (25).

In this present study, we conducted an intensive analysis

of membrane proteins of salt-tolerant Sinorhizobium sp.
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BL3 and comparative analysis of membrane proteins under

salt stress based on the detection of labeled peptides. The

use of an amine-reactive stable isotope labeling reagent (Lys-

tag) with off-line strong cationic micro-columns (SCX) and

nanoflow liquid chromatography/tandem mass spectrometry

(ηLC-MS/MS) allowed the initial identification of microbial

membrane proteins changing in response to different condi-

tions.

Materials and Methods

Sinorhizobium sp. BL3 cultivation

The inoculum of Sinorhizobium sp. BL3 was grown aerobically
at 28°C in yeast extract mannitol (YEM) medium (40) containing
(g L−1): MgSO4·7H2O, 0.2; K2HPO4, 0.5; mannitol, 10; yeast
extract, 0.5; NaCl, 0.1. The pH was maintained at 6.5–6.8. These
cultures of mid-log-phase cells were then used as the 10% inoculum
for 1 L production cultures.

The production culture of Sinorhizobium sp. BL3 was grown in
modified minimal salts medium (17), which contained (mg L−1)
Na2SO4, 100; MgSO4·7H2O, 200; CaCl2·2H2O, 5; MnSO4·4H2O,
1.11; K2HPO4, 4.35; KH2PO4, 3.4; ZnSO4·7H2O, 1; CuSO4·5H2O,
0.5; FeSO4·7H2O, 5; NaEDTA, 1; thiamine HCl, 1; pantothenic
acid, 1; biotin, 2×10−3. Carbon and nitrogen sources were added
(g L−1) as sodium glutamate, 2.5; sodium succinate, 2.0; and KNO3,
0.05. Media were supplemented with streptomycin (Sm) at a final
concentration of 100 μg mL−1.

Preparation of bacterial membrane fractions

Sinorhizobium sp. BL3 cells from 1 L of cell culture in minimal
growth medium were used for each independent experiment (with
or without salt). For the salt stress condition, cell cultures were
grown to reach OD600 of 0.6, and sodium chloride (NaCl) solution
was then added to create a final concentration of 0.4 or 0.5 M in
the media. Cells were further cultured for 1 h or 6 h before harvest-
ing. For the control treatment, cells were cultured in the same condi-
tions but without sodium chloride. Cells derived from 1 L of culture
were collected by centrifugation at 7,000×g at 4°C and passing
twice with ice-cold 10 mM Tris-HCl, pH 7.5. The cell pellet was
resuspended in 10 mL of ice-cold 10 mM Tris-HCl, pH 7.5 contain-
ing 1 mM phenylmethylsulphonyl fluoride (PMSF) and disrupted
by passage through an Aminco French press at 1,200 psi twice.
The lysate was centrifuged twice at 7,000×g for 10 min at 4°C
to remove unbroken cells. Membrane protein extraction was per-
formed according to Molloy et al. (26, 27). Briefly, the supernatant
was diluted with ice-cold 0.1 M sodium carbonate (pH 11) to a
final volume of 60 mL and then stirred slowly on ice for 1 h. The
carbonate-treated membranes were collected by ultracentrifugation
in a Sorval 55.2 Ti rotor at an average of 100,000×g for 1.5 h at
4°C. The membrane pellet was washed twice by sonication in 5 mL
of 10 mM Tris-HCl, pH 7.5, containing 1 mM PMSF and centri-
fuged at 4°C, 14,000×g for 30 min in an Eppendorf table centrifuge.
The membrane pellet was then solubilized in 1 mL of a 9 M urea
solution and centrifuged at 14,000×g for 30 min at 4°C. The solu-
bilized membrane proteins were diluted to a final urea concentration
of 8 M. Then, the protein concentration was measured by the Brad-
ford method (6), with bovine serum albumin used for calibration.

In-solution digestion of membrane proteins

The soluble membrane proteins (10 mg) were resuspended in 21
μL of 400 mM NH4HCO3 (pH 7.8) (Fisher Scientific, Pittsburgh,
PA, USA) in a 8 M urea solution (Fisher Scientific), and dithiothre-
itol (Sigma-Aldrich, St Louis, MO, USA) was added to create a
final concentration of 45 mM. The solution was then incubated for
15 min at 56°C. Subsequently, it was chilled, 5 μL of iodoacetamide
(100 mM) was added, and incubation continued in the dark at room
temperature for 15 min. Lys C protease (Calbiochem, San Diego,
CA, USA) was added (15 ng) and the mixture further incubated at

37°C for 6 h. The proteolyzed mixture was diluted by the addition
of 140 μL of H2O, and then 5 μL of 20 pM sequence grade trypsin
(Promega, Madison, WI, USA) was added and the resulting solution
was incubated overnight at 37°C.

Chemical derivatization of membrane peptides for quantitative 
analysis

The digested membrane proteins (2 μg) were dried in vacuo
using a SpeedVac (Thermo Savant, Waltham, MA, USA). The dried
peptides from the control condition (no NaCl added into culture
media) were derivatized with 40 μL of a solution containing a light
reagent ((d0) 2-methoxy-4,5-dihydro-1H-imidazole (1M)), while the
peptides from the four salt stress conditions (corresponding to 0.4 or
0.5 M NaCl, at 1 or 6 h exposure) were added to a heavy reagent
((d4) 2-methoxy-4,5-dideutero-1H-imidazole)) (Sigma-Aldrich).  Each
reaction mixture was mixed well and the reaction was allowed to
proceed for 3 h at 55°C. An equal volume of 5% formic acid
(Fisher Scientific) was added to quench the reaction followed by
pipetting of the control reaction into each salt stress reaction. The
mixed reaction was de-salted using micro-columns as described
by Rappsillber et al. (34). The reaction consisted of four sets and
was analyzed in duplicate using different samples.

Separation of peptides by strong cation exchange chromatography

Strong cation exchange (SCX) chromatography was performed
using a micro column packed with Self Pack POROS 20S (Applied
Biosystems, Framingham, MA, USA) in a Gelloader tip as
described in Gobom et al. (13). SCX columns were conditioned by
washing 4 times with 20 μL of 30% acetonitrile, ammonium for-
mate (NH4FA) (1 M, pH 3) (Fisher Scientific). The tryptic peptides
were dissolved in 30% acetonitrile, NH4FA (1 M, pH 3) and loaded
onto the SCX-packed column. The flow-through was collected. A
step-wise elution was performed using 20 μL of 30% acetonitrile in
different concentrations of NH4FA (20, 30, 40, 50, 60 and 120 mM,
pH 3). All fractions were dried in vacuo and resuspended in 5%
formic acid to allow analysis by nanoLC-MS/MS.

Peptide mass fingerprinting

Peptide mass fingerprinting (PMF) was performed by matrix-
assisted laser desorption ionization-time of flight mass spectrometry
(MALDI-TOF MS). Samples were desalted and concentrated with
self packed C18-columns as described by Gobom et al. (13). Peptides
were eluted in a volume of 0.5 μL using a concentrated solution of
α-cyano-4-hydroxycinnamic acid (α-CHCA) in 70% acetonitrile
and 0.1% trifluoroacetic acid in water, and deposited directly onto
the MALDI plate. A tryptic digest of β-lactoglobulin was used for
the external calibration. The analysis was performed on a Bruker
ultraflex MALDI-TOF-TOF mass spectrometer (Bruker Daltonik
GmbH, Bremen, Germany) in the positive ion mode. The MALDI-
generated ions were extracted and then accelerated to 25 kV. The
time of flight (TOF) was operated in the reflectron mode.

Separation of peptides by nanoflow liquid chromatography

Automated nanoflow liquid chromatography/tandem mass
spectrometry was performed using a Q-TOF Ultima mass spec-
trometer (Waters/Micromass UK, Manchester, UK) employing
automated data-dependent acquisition (DDA). A nanoflow-HPLC
system (Ultimate; Switchos2; Famos; LC Packings, Amsterdam,
Netherland) was used to deliver a flow rate of 2 μL min−1 (loading)
and 100 nL min−1 (elution) onto a homemade 2 cm fused silica
precolumn (75-μm inner diameter (i.d.); 375-μm outer diameter.
(o.d.); Reprosil C18-AQ, 3 μm (Ammerbuch-Entringen, Tübingen,
Germany)) using an autosampler. Sequential elution of peptides
was accomplished by using a linear gradient from solution A (0.6%
acetic acid) to 40% of solution B (80% acetonitrile, 0.5% acetic
acid) in 90 min over the precolumn in-line with a homemade 15–20
cm resolving column (50-μm i.d.; 375-μm o.d.; Resprosil C18-AQ,
3 μm (Ammerbuch-Entringen)). The resolving column was con-
nected using a fused silica transfer line (20-μm i.d.) to a distally
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coated fused silica emitter (New Objective, Cambridge, MA, USA)
(360-μm o.d./20-μm i.d./10 μm-tip i.d.) biased to 1.8 kV.

The mass spectrometer was operated in the positive ion mode
with a resolution of 9,000–11,000 full-width half-maximum
(FWHM), using a source temperature of 80°C and a counter current
nitrogen flow rate of 150 L h−1. Data-dependent analysis was
employed (the five most abundant ions in each cycle were subjected
to MS/MS): 1 second MS (m/z 350–1500) and 5×1 second MS/MS
(m/z 50–2000, continuum mode), 30 seconds dynamic exclusion. A
charge state recognition algorithm was employed to determine the
optimal collision energy for low energy CID MS/MS of peptide
ions. External mass calibration using sodium iodide (NaI) resulted
in mass errors of less than 50 ppm, typically 5–15 ppm in the m/z
range 50–2000. Raw data were processed using ProteinLynx Global
Server ProteinLynx 2.0.5 (smooth 5/3 Savitzky Golay and center 4
channels/80% centroid) and the resulting MS/MS data sets were
exported in the Micromass.pkl format.

Computational analysis

The raw data were processed using the fast de-convolution algo-
rithm in Protein Lynx Global Server v 2.0.5 (Waters/Micromass
UK). The resulting pkl files were imported into Mascot v. 2.0
(Matrix Sciences, London, UK) and VEMS v3.0 (24) (http://yass.
sdu.dk/) for database-dependent searching of the S. meliloti 1021
protein sequence database (http://genome.kazusa.or.jp/rhizobase/
Sinorhizobium/genes.faa).

The ExRaw.exe which is a part of the VEMS v3.0 package was
used to automatically extract the retention times and original charge
state of fragment ions of each MS/MS spectrum from the raw data
into the pkl file output, and imported into VEMS for the quantita-
tive analysis. The mass accuracy used in the quantitation was 0.3
Da. The threshold score on peptides was set to the default signifi-
cance threshold (P<0.05), and the minimum number of quantified
peptides necessary for protein quantitation was set to 1. This
threshold value was selected based on previous experience. The
parameters for protein quantitation with the VEMS software were
set to allow a maximum standard deviation of 7%. However, the
expression change level was considered manually again of the
quantitative peptides exhibiting less than 5% standard deviation. All
low confident identifications and quantifications were manually
validated using the visual tools in the VEMS program. The quanti-
tative score represented the degree of expression change which was
calculated by dividing the integrated intensity of the masses of the
heavy version of the peptide with the total integrated intensity of
heavy and light peptides and multiplying by 100. This means that a
quantitation value less than 40% (reduce 1.5 folds) corresponds to
down regulation, while over 60% (induce 1.5 folds) represents up
regulation. Functional categorization was accessed by RhizoBase/
Sinorhizobium meliloti 1021 website (http://genome.kazusa.or.jp/
rhizobase/Sinorhizobium/genes/category.txt). The predicted trans-
membrane domains (TMDs) were searched using TopPred (http://
mobyle.pasteur.fr/cgi-bin/portal.py?form=toppred) (10), TMHMM
2.0 (http://www.cbs.dtu.dk/services/TMHMM/ (24), and SPOCTO-
PUS (http://octopus.cbr.su.se/index.php) (41). N-terminal signal
peptide predictions were based on a combination of several artificial
neural networks and hidden Markov models by SignalP 3.0. (http://
www.cbs.dtu.dk/services/SignalP/) (3). Protein localization was
searched by PSORTb version 3.0.0 (http://www.psort.org/psortb/)
(12), and Localizome (http://localodom.kobic.re.kr/LocaloDom/
index.htm (23).

Results and Discussion

Identification of proteins in the Sinorhizobium sp. BL3 

membrane-enriched fraction by LC-MS/MS

Previously (30), Sinorhizobium sp. strain BL3 was proved

to tolerate up to 600 mM NaCl and to be effective in at fixing

N2. The 16S rRNA gene sequence of Sinorhizobium sp. BL3

showed 98% similarity to the sequence of S. meliloti 1021.

All separable six peptide fractions from SCX micro columns

were injected into the ηLC-MS/MS system, and a total of

12,685 MS/MS spectra were obtained. These spectra were

searched with VEMS v3.0 (24) and Mascot (31) against a

S. meliloti 1021 protein sequence database. A total of 751

proteins were identified with a minimum score of 40, and

with at least one peptide hit per protein (data not shown). The

genomic sequence of S. meliloti is predicted to contain 6,294

protein encoding frames (11), thus the proteins identified

here account for approximately 12% of the genome’s coding

capacity. Amino acid sequences of all proteins identified

here were taken to predict their membrane topology using

publicly available bioinformatics tools. Proteins having

potential trans-membrane domains (TMDs) in either alpha

helix or beta barrel segments were defined as membrane

proteins in this study. Since there are various methods of

predicting alpha helix TMDs using different algorithms three

computational methods (TopPred II (7), TMHMM 2.0 (22),

and SPOCTOPUS (41)) were used for database searching

to obtain accurate results. The TopPred II method is based

on two biochemical features of transmembrane segments:

hydrophobicity and the inside-positive rule. TMHMM 2.0 is

designed to identify alpha helix TMDs, while SPOCTOPUS

is an algorithm for combined predictions of signal peptides

(SPs) and membrane protein topology. In order to minimize

false predictions, only proteins having all predictions agree-

ment were classified as membrane proteins. The transmem-

brane beta strands were searched by TMBETA-NET. The

defined membrane proteins were confirmed by their localiza-

tion using PSORT and Localizome.

Altogether, the three programs predicted a total of 105

proteins containing transmembrane segments (Supplemental

material 1). Thus, these proteins are highly likely to be mem-

brane proteins. The TMDs ranged in number from 1 to 17

(Fig. 1). More than half of the proteins contained 1 to 3

TMDs. The success of the membrane enrichment and separa-

tion protocol is reflected by the observation of proteins with

high numbers of transmembrane domains (TMDs), such

as SMb20291 (17 TMDs by TopPred II and SPOCTOPUS

programs, and 15 TMDs by TMHMM 2.0 program),

SMc01925 (15 TMDs by TopPred II and SPOCTOPUS

programs, and 16 TMDs by TMHMM 2.0 program), and

SMa1662 (11 TMDs by TopPred II program, and 12 TMDs

by SPOCTOPUS and TMHMM 2.0 program).

Among the 105 membrane proteins, one had been detected

in S. meliloti by a proteomic analysis (Supplemental material

1) (9). This is the first comprehensive characterization of the

Sinorhizobium sp. BL3 membrane proteome. Comparison of

our identified proteins with proteins reported in membrane

proteomic analyses (1, 2, 9, 14, 26) revealed that our strategy

provided the higher possibility of identification rather than

either 2D gel or MALDI TOF/TOF.

The classification of 105 membrane proteins based on

clusters of orthologous groups of proteins (COGs) revealed

17 groups of major functional categories (Fig. 2). The largest

categories were the energy production and conversion (group

C) of 16 proteins (15%). Several membrane proteins in group

C are responsible for electron transport; for example,

SMc00009, SMc00188, SMa0769, SMa1213, SMb21368,
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and SMc00010. Identification of energy production and con-

version enzymes posed a high confidence in their expression

in the membrane region. SMc02464 (probable succinate

dehydrogenase membrane anchor subunit protein) is relevant

to the TCA cycle. The subunits of energy production proteins

have been determined to be part of the membrane proteome

in many organisms (14).

Large number of membrane proteins (15%) also fall into

group X, which has not yet been assigned a function in

COGs. However, this group contains many interesting pro-

teins which may play an important role in salt stress adapta-

tion, e.g., SMb20813, SMc01492 and SMc00975.

Several proteins (6%) belong to a cluster of genes

involved in amino acid transport and metabolism (group E).

SMb20477 (dipeptide ABC transporter permease protein),

SMa0300 (ABC transporter/permease), SMc02738 (putative

glycine betaine transport system permease ABC transporter

protein), and SMc02119 (probable general L-amino acid

transport permease ABC transporter protein). These proteins

are a reflection of the key roles of membrane proteins in the

life cycles of Sinorhizobium sp. BL3 to environmental adap-

tation, which requires transportation of compatible solutes

from the environment to maintain cell integrity. This strategy

provides protection from extinction in changing environ-

ments for a large variety of microorganisms, which rely

exclusively on organic compatible solutes for osmoadapta-

tion (8).

It is worth noting that 7 proteins fall into group O of

posttranslational modification, protein turnover, and chaper-

ones. Among these groups of protein, a group of membrane

protease proteins (SMc01135, SMc01440, SMc01441, and

SMc04459) were identified. Proteases are important compo-

nents of complex regulatory networks to cope with environ-

mental stress in many organisms (39, 42). SMc04459 (FtsH)

has previously been identified in nodule bacteria (9). This

protein is required for growth and responsible for the rapid

turnover of key proteins by progressively degrading both

cytoplasmic and membrane proteins in E. coli (18).

Comparative analysis of membrane proteins under salt stress 

conditions by peptide derivatization

In an attempt to determine the appearance of differentially

Fig. 1. Predicted transmembrane domains of identified membrane proteins. The number of proteins with different numbers of transmembrane
domains, predicted from TopPred, SPOCTOPUS, and TMHMM 2.0 programs.

Fig. 2. Pie charts representing percentage of functional category dis-
tribution of the 372 identified membrane proteins identified by 2D-
ηLC–MS/MS. All identified proteins are presented in supplementary
material; C: Energy production and conversion; D: Cell cycle control,
mitosis and meiosis; E: Amino acid transport and metabolism; F:
Nucleotide transport and metabolism; G: Carbohydrate transport and
metabolism; H: Coenzyme transport and metabolism; M: Cell wall/
membrane biogenesis; N: Cell motility; O: Posttranslational modifica-
tion, protein turnover, chaperones; P: Inorganic ion transport and
metabolism; Q: Secondary metabolites biosynthesis, transport and
catabolism; R: General function prediction only; S: Function unknown;
T: Signal transduction mechanisms; U: Intracellular trafficking and
secretion; V: Defense mechanisms; X: Not in Clusters of Orthologous
Groups of proteins (COGs).
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displayed proteins responding to different salt shock periods

of Sinorhizobium sp. BL3, the comparative method using

stable isotope labeling of peptides was conducted for the

ηLC-MS/MS run. In this study, the label chosen for quanti-

fication was 2-methoxy-4,5-dihydro-1H-imidazole (‘Mass

Tag’), which is an epsilon-amine specific derivatization

reagent, hence only lysine residues are labeled. The labeling

strategy provides a mass difference of 4 daltons between the

heavy and light versions of the reagent, allowing quantitation

of the same peptide in different experimental conditions in

one measurement (32). This approach is suitable for compar-

ative analyses, providing reproducible coverage, since the

identified peptides are not limited and all the ions are frag-

mented in each run. Each experimental condition (4 salt

stress conditions) was run in two technical replicates with

one dimensional ηLC-MS/MS.

A total of 11,341 MS/MS spectra were obtained from four

experimental conditions with two replicates of cell prepara-

tion (exposed Sinorhizobium sp. BL3 into 0.4 M and 0.5 M

NaCl for 1 and 6 h). The mass spectrometric data were

searched against protein sequences database of S. meliloti

1021, eluting 258 confident protein matches (P<0.05). Since

approximately half of the identified peptides do not contain

lysine residues in the sequence, 138 membrane proteins were

potentially quantified. To determine a significant threshold

for these changes, we considered any protein whose expres-

sion level changed by at least 1.5 fold in either direction

(means quantitation value over 60% or less than 40%), to be

of potential interest. Moreover, only proteins which exist in

all 4 experimental conditions were taken into consideration.

Based on these criteria, we succeeded in the identification of

8 membrane proteins of Sinorhizobium sp. BL3 expressed in

response to all salt stress conditions (Table 1). Not only was

the concentration of membrane proteins derived from each

culture preparation analyzed by using the Bradford method

and were equal amounts of digested membrane proteins used

for chemical derivertization, but also the constant proteins in

cellular levels were used as an internal control to normalize

the stressed cells and non-stressed of each stress condition.

Thus, these criteria would confide our methodology in term

of quantitation analysis. These proteins were SMc00868

(ATP synthase subunit B) and SMc02942 (peptidoglycan-

associated lipoprotein precursor) and constantly expressed

(the expression level changed less than 1.5 folds) in all 4

experimental conditions (Table 1). Therefore, the amounts of

derivatized proteins between salt stressed cells and non-

stressed cells were possibly close proportion in each stress

condition. Nevertheless, the fold changes analysis of protein

display only the trend of expression level in each condition.

The concentration and time dependent experiments pro-

vided a clue in complicated networks of these membrane

proteins that bacterial cells used to promote their adaptation

in severe salt stress conditions. It is clear from this finding

that the quantitative proteomics approaches using Mass Tag

labeling after sample preparation was successfully per-

formed, allowing flexible experimental designs to be con-

ducted. This present work has not yet been attempted on a

large scale of quantitative differential expression of mem-

brane proteins using the multidimensional ηLC-MS/MS, but

we presented the possibility of using the membrane protein

isotopic labeling technique for quantitative analysis. Future

experiment is needed to demonstrate the precise action of salt

on Sinorhizobium sp. BL3 membrane, thus the actual mech-

anisms of bacterial membrane against salt stress will be

explored.
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Table 1. Membrane proteomic analysis of Sinorhizobium sp. BL3 under salt stress conditions

gene IDa Scoreb
0.4 M NaCl 1 h 0.4 M NaCl 6 h 0.5 M NaCl 1 h. 0.5 M NaCl 6 h.

ELc Pd ELc Pd ELc Pd ELc Pd

SMb20181 55 1.99±0.002 2 2.91±0.000 1 1.24±0.062 3 1.84±0.028 3

SMc04439 121 1.15±0.000 1 1.52±0.000 1 1.22±0.000 1 2.52±0.001 2

SMc02502 391 0.89±0.013 4 0.91±0.010 3 1.36±0.033 4 2.46±0.053 2

SMc00009 515 0.97±0.011 4 0.87±0.017 4 1.01±0.049 7 1.63±0.037 6

SMc03938 404 0.76±0.000 1 0.97±0.000 1 0.84±0.076 4 3.17±0.034 3

SMc04459 289 0.79±0.000 2 1.72±0.000 1 1.05±0.011 6 2.7±0.046 7

SMc01948 349 0.99±0.000 1 1.55±0.000 1 1.28±0.012 5 2.84±0.010 3

SMc01499 351 0.89±0.019 2 1.06±0.001 4 1.18±0.031 4 1.57±0.052 3

SMc00868 164 0.98±0.047 2 1.05±0.000 1 0.91±0.043 2 0.97±0.025 2

SMc02942 177 1.14±0.000 1 1.04±0.000 1 1.09±0.030 2 1.07±0.017 4

a Gene ID achieved from Mascot search (40) against a S. meliloti 1021 protein sequence database (http://genome.kazusa.or.jp/rhizobase/Sinorhizobium
/genes.faa): SMb20181, ABC transporter periplasmic solute-binding protein; SMc04439, ABC transporter glycine betaine transport ATP-binding
protein; SMc02502, ATP synthase epsilon chain; SMc00009, Cytochrome C oxidase subunit II; SMc03938, Transmembrane NAD(P) transhydro-
genase subunit β; SMc04459, Transmembrane metalloprotease; SMc01948, ABC transporter high-affinity branched-chain amino acid transport;
SMc01499, ABC Transporter ATP-binding transport; SMc00868, ATP synthase subunit B; SMc02942, peptidoglcan-associated lipoprotein
precursor.

b Mascot score (P<0.05) from Mascot v. 2.0 (Matrix Sciences, London, UK).
c Expression level (fold changes).
d Number of identified peptides used for quantization by VEMS v3.0.
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