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M. AILLE S, AF BN/SDS-PAGE HF57 ik £
F 54 IR IR 2D, Katz ZEWHFSY T #h A4 At 1G5
Dundliella salina JUBER AL Eh A RN, &
PUAH G AR 1 22 5 o B & h A e S 5 A%
SR, BIHFCALE, 6T SR B TUBE s R A
BE e fa] A FE AR 40 1) S REENIFFLAFAR D T ee
AR D Re M — AN T 27 R B 1 2 (1)
DA A 115 M s 2 R A VR . il T
JEAZ AN M = A #5109 04k, VP2 SRR SR
FARE A E B e e b, r2 iz
iR )R T2 WHRNSERED, BEG S LG A
TR A S MG S A EAER. Bk, FH
BN/SDS-PAGE 73 #1Wg £h 41 11 5t i 2 [ i 525 W mT
DA S Ty A 10 b 8 7~ IS0 40 0T 3 e A R 1
HEINRE.

AHIFFTH R FH I — kb BEg £h TRk A e mUR
K2R 3, RAPRIFATE S, Sk 4tk
VIl B |k S YIPE O, REAKRVE RS, PIAE 0.2~
3 mol/L NaCl 76 [l 477, 4 16 S rRNA 5414y
BT %5 58 N ZEH0FF B8 Bacillus sp. 1121 (R k& £ i
kb, F-ATH H BN/SDS-PAGE W %% T Bacillus
sp. 1121 5T A 1 0T 4 0] vy 8 JBlb Fep e 12, 0 3
HHES A i N2 AT T IR S, WF ST Al SRR
BN/SDS-PAGE & X} il 2 [ ot 41 34T LL A 43 A 1)
HhTA.

1 MR57E

1.1 EHE, EFEMEREY

WE K 8 Bacillus sp. 1121 15 LB 44 1 77 5& o
37C IR G IR (1% W R, 0.5% B RER HI W,
pH 7.5), 15773 A NaCl K £ 2> 5 4 0.2 mol/L,
0.9 mol/L, 1.7 mol/L, 2.5mol/L. it/
(Beckman, USA)TE Aqo P HIAEKAGOL, BXTE
A KI5 6 000 g B0 10 min YA, FH 5256
M.

DU 58 AN I5AS AR 25 PE A Bacillus sp. 1121
R, LL10 f5 W R LB B R (Y
2.5 mol/L NaCl)H1 73 S AA [F R BE B 2 1R« i
1R DU MERE 53 FR AR, AAKAEOUAE Ao FHEAT
JIARN
1.2 ‘BAEfRAES &

X B JE B OB IR Bacillus sp. 1121 4
B VF T 2P A(50 mmol/L Tris-HCI, pH 7.0;
0.2 mol/L NaCl; 1 mmol/L EDTA; 10% H JHi;

0.25 mol/LJEEH#; 1 mmol/L PMSF), 7t 2 kPa JE /)
NHUAERE, 12000 g, 4°C B0 20 min 25 540 AR
F LR BN, B0 E B3R I 50 mg/L
DNase [ A1 10 mmol/L MgCl,, 4C & 1 h LA/Kf#
Qe f DNA. VAL 5E S5 100 000 g, 4°C I 25
> 45 min, 73BN RYOREJTELL S BIE T 22 B
(50 mmol/L Tris-HCI, pH 7.0; 1 mmol/L EDTA;
10% H s 0.25 mol/L FEEHE: 1 mmol/L PMSF)',
100 000 g 4°C B 0> 45 min. 15 ] {41 )5 I 0C 3
BN-PAGE &7 2% " #{(50 mmol/L Bis-Tris, 5 mmol/L
6- IO, 1 mmol/L EDTA, pH 7.0)Ut 3 IUn
P 150 pl BV%, B TREA T,
1.3 BN/SDS-PAGE

A W A 2-D Quant Kit (Amersham
biosciences, GE)Jl| %, BN/SDS-PAGE X | i ik &
HEAC S5 3 i SR e AT, WK & R 5 2% 1
WE(CBB)R250 . 3 YOS 56 v il 2% 1) o s 2
T 3 IE R HIK.
1.4 EERFEFEG ST

R[] HE Yk e A TmageScanner™ 1T 1 #4332k
TG, 158 H Image Master™ 2D version: 5.0
(Amersham Biosciences, GE) XX [] B Ik #1158 70 B A
BEAT A0 M. BEAMACERAAE R 3 K S SR04 2
% 2 A 3 R s USRS FREAT T Ui, BEA
SRS G vt o M FL 35 2 (P < 0.05) 1) A1
T g JHp L M B 15 A5
1.5 FZMiE L1 MALDI-TOF/TOF J&Ri& 5 7

H AR A i A R T 10 PS5 & T 96 4L
BEARA T, ] 15 mmol/L [k S AL AT 50 mmol/L
PIERACHE R AN (1 - )W 20 min, i a5 IR
PO 8 FOKUES 2 Ik, ZHE(ACN) K, B T
2% 3 (20 mmol/L Bk PR & %, 12.5 ng/L i ER
M) 7E 4CHEH 30 min, RJEHAETET 37CF
THAG 12 he A A ) 2 AT 50% ACN(A %
0.1% S LRR)AI 2 . T A 0.8 wl Ji
i 22 R (50% ACN, 0.1% TFA, 5 g/L a-4- 25
VIEERR) PRV il s AR o B W TR 54K 192 4L
F¥ i 4 (Applied Biosystems) [, 3 H1 H AR Tk
SR A AS FH] ABI 4700 TOF-TOF 5 14541 2% 3§ AX
(Applied Biosystems). #OGHE ZHi# 200 Hz, P
355nm, NN R 20 kV, HBKHEE 1500 u, i
G AL B LR B AR, BT B 1 LA
BROA 7 SRS, 13 201 5 R% 24 i ik MASCOT
R 5K R NCBI & (i s 5, KR E A
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Bacteria. 2450 M5 E 441G H 700~ 3 200 u,
JE R B 78 22 100 ppm, 55 Tk $E B AT 24> 1
HMH], SVFR YRR DA s B0 1, e
16 i Sy 2= D 20 IR Tt & 19t )12 4 (carbamidomethyl).
MASCOT VY43 {H (Protein score) KT 65, BIVF7H
f5IE C.1% > 95% (P < 0.05)[1) 45 )5 Ty ml {5 45 51
1.6 AR RINE

HZRE S0 : 40T 3 ml 10% 3 &R T i
fift )i, SRR E 2 Grieve ZE0I) 73047 .
IR MR T 5 ml 3% KB, R
FHEELE 515 nm PR EAT I 0. W Eehs: R
FHREHR - BRERVEVEAT I E . DUSE g R Eak
WRAH €03 43 BT (Agilent Zorbax SB-Aq Cis #1), WK
B 210 nm FHHATIED, B2IR: KA 2,4- —hH
FERAKERTARTAE HPLC 740 5E (Agilent ODS Cg £%),
W K 360 nmi™.

1.7 BEEENE

BT AT S U 52 76 30°C 8 37°C R #EAT, DAABES:
BIHAE 1 wmol/L JEM BA i 1 pmol/L 72452 X Hy
1 ANEHE 1 AL(10). EXBUE KR, Baoliss
HR0.8~ 1 g W HEAE 100 ml), FIAH MK B NaCl
WDEYR 3 IRLAZBRIEFRAE, ARG HE T 10 ml 2%
M (30 mmol/L Tris-HCI, 1.6 mol/L KCI, 5 mmol/L
B- SIELNE, pH8.0)H, EAHHEL )G 15000 ¢
B50 20 min, FFEPE. LIEWZ 100 000 g #5400
Lh, F3EWBCHA0 ML 5y, DiE A 50 mmol/L %
B2 22 pP i (N % 1 mmol/L EDTA, 1 mmol/L
PMSF, pH 7.8)H &5 A B4l 5y, & T -80C %
F. D RS DA 25806 A 5 O M.

B E IR A AL NH, 5 o- B % 1% B %
B2 L R b NAD(PYH (1) 3 K& 53 o b (o ik
FER AL A SR T B B E R A S T S 5
Bohannon 552U AT . A SR G A B 1
D32 ¥ Bender S5 7 VA AT . LA LTG0
BT FRE S 4 A5y (50 g BRAR). BRHIRR I
S0 % PR T G0 Y N (DCTP) (138 5 s N
SEPL 5 - KA BRI TS 10 2 2 B Rittmann 5524
(R VEREAT . F R i S i P 1o U 4 200 (NBT)
DS N 5 29, D R D S T R i Dk 6
Mo (50 pg FEAR).
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(PIERR AR, B A PR B RN T SR o o 70 B A 1)k
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BRAMR, MR SRR 5T SR S 2 e A Y s
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Fig. 1 Determination of compatible solutes

in Bacillus sp. 1121 under salt stress
Cells were grown in LB mediums containing 0.2 mol/L, 0.9 mol/L,
1.7 mol/L and 2.5 mol/L NaCl, respectively. When cells were grown to
the exponential growth phase, compatible solutes were extracted and the
concentration of the contents of glycine betaine, trehalose, glutamate,
proline, and ectoine were measured as described in Materials and
methods. The values are the mean of at least three biological
independent replicates. [1: Trehalose; [: Betaine; I : Glutamate; :
Proline; [: Ectoine.

oA T LTS i e AR U S i A I e s AR A
MO AR B, FRATTIE T ERIMRE 45 T AR D 2
TR DUSMEIE e 73 2 B0 A s AR IR g, &5 2R L
Kl 2. 44 0.9 mol/L NaCl &4F R iEH 4K, 1
2.5 mol/L NaCl £&fth FAEKSZ 4, i AhJ5As I fi
AR B VY E M E FE AN BRAE R A T 1) A, HANE
VS INAT 2 B A AT LA B o B AR FRAT1 93001
WET 1. 5. 105 20 mmol/L IZ IR DU &
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Lol 2.2 BN/SDS-PAGE ST E#ipBE&HTRIEERE
1 =ty

081 3T AW Bacillus sp. 1121 35 N &5 25 5R 55 114
L 06F T, FATTR A BN/SDS-PAGE 7387 T %41 B i
" oaf B (R4l 2k, M 2%DM H 4.5%~
0.2} 12% A5 PS5 e Al A SRS 184 v R e Wk (R B 4. 20
0 m m ’—x—‘ $2H% 0.9 mol/L A1 2.5 mol/L NaCl £ {4 2L K 4fl g
1 2 3 4 5 M REAL 5y, 2 DM 9% I JEAT W8 €0 35 R T AL

Fig. 2 Effects of exogenous solutes on the growth
of Bacillus sp. 1121

Glutamate (Glu), proline (Pro), and ectoine (Ect) was added to 10-time
diluted LB mediums respectively. Cells were grown at 37°C for 15 h in
control (10-time diluted LB with 0.9 mol/L NaCl), or under salt stress
(10-time diluted LB with 2.5mol/L NaCl), and cell growth was
monitored at A4y 7: 0.9 mol/L NaCl; 2: 2.5 mol/L NaCl; 3: 2.5 mol/L
NaCl+Pro; 4: 2.5 mol/L NaCl+Ect; 5: 2.5 mol/L NaCl+Glu.
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Fig. 3 BN/SDS-PAGE analysis of membrane protein complexes of Bacillus sp. 1121 at different salinities
(a) BN/SDS-PAGE analysis of individual membrane proteins from 0.9 mol/L and 2.5 mol/L NaCl cells. Left: First dimension blue native-PAGE
separation of membrane fractions isolated from Bacillus sp. 1121 under different NaCl concentrations. The membrane protein complexes were
solubilized in 2% DM. 100 ug proteins were applied on each lane and separated by 4.5%~ 12% gradient gel. 7: 0.9 mol/L NaCl; 2: 2.5 mol/L NaCl.

Right: Blue native gel strips were loaded and separated on 12% SDS-PAGE. The presented proteomic maps are typical representatives of CBB-stained

membrane protein gels, obtained from cells under different salt concentrations. At least three independent gel separations were performed for each

sample and they showed a high degree of reproducibility. Arrows represent spots that were excised and identified by MS and correspond to the

numbers shown in Table 1. (b) Changes in relative staining intensity of protein spots on BN/SDS-PAGE under different salt concentrations. Using three

replicate gels, the intensities of spots were quantified by Image Master™ 2D version: 5.0 (Amersham Biosciences, US). Each point represents x + s. [1:

0.9 mol/L NaCl; M : 2.5 mol/L NaCl.
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FER H AN BT IO, #51T MALDI-
TOF/TOF i 534 . B T Spot 3F1 Spot 8 1 /it
FAL, BIIEE T 8 Ml A, BELIR AR 1.
a3 R T E R, JATEER 8 M H I
41, Bk Dnal (#[R]J5 25 11 OB1959 #b, Hifth 7 Fidy
A ARKPE IR 1, X AR S ) A R AR
IEF/SDS-PAGE #1 b, BN/SDS-PAGE H & & 43 #7
R PERRR AL 1. A, ABC transporter permease
(Spot 1) #£ 2.5 mol/L NaCl it N & iA & B3 i,
Spot 2, Spot 7, Spot 10 43 7 2 3% F1 1 15t & I 2k it
KL, B IR M S B 3R A 1 RN R B R I S

A ZR b-556 WAL, 1X 3 ANER FIFUASAE 2.5 mol/L
NaCl Jfpiet FRI G E NI, A HIE 7 &k
ZMEF Bacillus sp. 1121 BEHR I &M 25 = F FF5
F1 ABC transporter permease AL, 3- W H
BEVERF(Spot 4)7EER W N _FifZIA; Spot 5 &%
IHEMI 1 OB1959. PSI-BLAST =915 B2 0>
] OB1959 473 ¥~ 145 Dnal HIRVEEH, 1%
BRI 5 R ik Ff; Spot 6 Al 9 45K
WA s A (1 M IR I SRR W 3L, e A
B ad A K T (0.9 mol/L NaCl 442, 5
7t 2.5 mol/L #RJPMBE AT T 35 W& T .

Table 1 Summary of salt-responsive plasma membrane proteins identified by MALDI-TOF/TOF Spot

numbers correspond to spots in Figure 3a

Mass
Spot Accession No. Protein homologue Exper./Theor. Source Matched peptides Sequence - MASCOT
No. coverage/% score
(ku)
1 2i[23100927 ABC transporter 25/30.5 Oceanobacillus IVSGLTSGSVK 16 86
permease ihenyensis IPYELEESAK
LDGASPFQTFR
LDGASPFQTFRK
2 2i|23099567  Succinate dehydrogenase 30/28.0 Oceanobacillus MFDALK 34 172
iron-sulfur subunit ihenyensis DLIVDR
DLIVDRER
LEPMSTFPVVR
GIPLTTSIAAMNR
AEQSKVTFIITR
QSCAALVDQLEQPIR
AWIPIDGTHDLGPGPR
4 gi|52082536 Glycerol-3-phospate 43/49.5 Bacillus VLVHWFSVSERGNK 11 94
permease licheniformis DTPQSVGLPPIEEYR
YGVLDWAPTYLSEEKGFDMSK
5 2i|23099414 Hypothetical protein 34/35.4 Oceanobacillus ANIDLPFER 19 81
OB1959 thenyensis ISIFTLIGMR
(chaperone protein Dnal) ISIFTLIGMRLR
VVEAEADVPLALAEALR
TNQLESHYLAGGNVDR
6 gi)23098546 Pyrimidine nucleoside 39/42.6 Oceanobacillus IESFNGVNSIFFGQSEALIAIR 6 107
transporter thenyensis
7 gi]23099568  Succinate dehydrogenase 57/64.9 Oceanobacillus LGGIEIYEK 15 92
flavoprotein subunit thenyensis SDATIFATGGPGIIFGK
LMNMEGTENAYQIHK
TAYAGATTGQQLLYALDEQVR
LGANSLLSAIYGGMVAGPK
9 gi|16131733 Formate 34/33.1 Escherichia coli LNPEDNR 35 131
dehydrogenase-O, Fe-S VAELKTR
subunit ADEEENNLHEEK
KDGCMHCSDPGCLK
ACQVACSEWNDIR
TCPTGAIHFGTKESMK
SWTVMRFSEVEQNDK
SATNGLTPAPQARDFQEEVAK
10 gi]23099569  Succinate dehydrogenase 18/23.6 Oceanobacillus ITGIILVVFIAWHVFETR 18 83
cytochrome b-556 subunit thenyensis ISTYACLGVFLAVSYLGIR
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Fig. 4 Effects of salinity on the activities of succinate
dehydrogenase (SDH), 5'-nucleotidase, and formate
dehydrogenase (FDH) in Bacillus sp. 1121
Cells were grown in LB medium containing different NaCl concentrations
respectively, and harvested in the late exponential growth phase. Plasma
membrane fractions were prepared by ultra-centrifugation and used for
enzyme assays. The data are the mean of five independent experiments.

(a) SDH. (b) 5’-nucleotidase. (¢) FDH.

WRPEH 0.9 mol/L(HidE A K ) i P deni, E
fIGF¥) NaCl #<J&(0.2 mol/L) LA A B i 1) NaCl ¥ &~
(1.7 mol/LA 2.5 mol/L)i& P L 0.9 mol/LI#B .
HH 182 9% 2 I (FDHL) 3ty 2 i 366 ¢ J58 48 v 1 484 56, 7
2.5 mol/L NaCl Wyl PEdge . by 1 5o liF g A% 1 4%
B R DR SR A R N, BATTIE T A T )
5'- R BRI (s k. Pl T BN A T R A AN IE
(1, ANFE 57 - AZAT IR DA Z00E ik S b1 57 - Rty
T2 ity i 2 R 5 A e e M W Ao 1 1 2R A i 2 i
W, Wi 4 PR, SWEERZAIT RIS E AR PhE T
Tk B3 Bacillus sp. 1121 HH ) 5'- B H IR
il P R SRR BE Ty g s, DL B SERR
B e 45 10 T X 283 [ s v ML 5 R A A
A —3L.

TERT I AT, FRATTU S 20 7 8 W ae 4%
T, AR IR SRS — 5T (0.9 mol/L
NaCl)F I [#(2.5 mol/L NaChfid #2. | AR
AT DA B IE R YA A AR R, T HAR 2
I 2 R A DY S s e AR A R R R AR o 1, O
I, FRATHE— 2P ME T 2R A O BB 1 Bl 5
a5 RILE 5, B RA H(GOGAT)
A AT NE A S (GS) RIS P i 5 % B T v i o 25 1
SR, HA R I U (GDH) (3% PR E A A 32 35 it
(R HLAERE LR AR I 7K

Enzyme activity/(Usmg™)
e o
a o

e
o
:

T

GS GOGAT GDH

Fig. 5 Effects of salinity on the activities of glutamine
synthetase (GS), glutamate synthase (GOGAT), glutamate
dehydrogenase (GDH), in Bacillus sp. 1121
Cells were grown in LB medium containing 0.9 mol/L and 2.5 mol/L
NaCl, respectively, and harvested in the late exponential growth phase.
Cytosolic fractions were extracted and used for enzyme assays. The data
are the mean of five independent experiments. []: 0.9 mol/L NaCl; W :

2.5 mol/L NaCl.
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3 it it

ERBE A A P T ) 2 AR A 2 —
TEWE LA B AT TN MO BT R e ) o AL, X
I i R A o) T B AR AR AR I e ) B
HELENSHRELER . AT - g 5 i K
RIS R I PR B A5 5 5 TR ¥R M B 2R A
AT GRS — BB 14 o BEWE 2R TH Bacillus sp. 1121 )5
JEEE AT T SR 2= 50 A, dlid BN/SDS-PAGE
WU LK S5 T 8 AN AR e i B R AR (1. BT ah
BYLR, Bacillus sp. 1121 W] BEIH I R4 I 1) 25 i
W, R B BEARAR IS AT 1 77 2 AR R A
2 N D IE /IR =T SR

CUHT ABC #6128 81 A 55 41 57 22 P T 25
IR MR . 0 HEAH AP o 10 5 J R i 221,
BLAST-P 7} #r {75 A< 3C % 5€ ) ABC transporter
permease 141 U7 B 212 5y 1) ABC transporter H A
B A RIS PR AR, (HE BT ED)
A AFRAWEIL. 3- BEIR H i (G3P)I&E M 2 — A
G3P/Pi [ mlis itz 1, e G3P 1 [ I TG AL ok
(PHIZE R M sh, (HERMHE TS G3P B LM iR
K H AR ILARGE . O A A R T AR B
Pseudomonads 7] T S HHE TH il (glucosylglycerol, GG)
PE AR 2 PR 2, 8% GG i ADP- i %4 B i
G3P 7E M 19 i 26 0 H e T ) A8 A A s B T
- WEER, PR EERR A K GG G3P AT LLAE
G3P B AL N B A, SRTiE 4 1k
BAVE LA 2R GG BUH AR R AR 2P ) 4
. BAVNA, ABC FIE & (1M 3- BFR H s v
Mgty FR RIS, B Bacillus sp. 1121 78 5 HpiE
I R TS A TS R

ARHIFFE R IR FT T Mot S (SDH) 1) 3 38 s
775 R A.(2.5 mol/L NaCl)IN #3 F B, A% 40 i
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Fig. 6 Putative mechanism of compatible solutes accumulation in Bacillus sp. 1121 under salt stress

Up-regulated proteins and enzymes were represented as red, down-regulated proteins were represented as blue, proteins which were speculated to play

roles in the mechanism were represented as "?". Abbreviations: ABC, ABC transporter permease; G3PP, glycerol-3-phosphate permease; SDH,

succinate dehydrogenase; GOGAT, glutamine synthetase; GS, glutamate synthase; NTPase, 5’ -nucleotidase; PNT, pyrimidine nucleoside transporter;

FDH, formate dehydrogenase.
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Analysis of Proteins in Plasma Membrane From Halophilic Bacteria
by Two Dimensional Blue Native Gel Electrophoresis”
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Abstract In order to reveal the mechanisms of cell osmo-adaptation to salt stress, a newly identified moderately
halophilic Bacillus sp. 1121 was used to study the salt-stress responding proteins. Differential proteomic analysis of
the purified plasma membrane fractions were performed by two dimensional Blue-Native/SDS-PAGE. Eight
proteins corresponding to NaCl were identified by MALDI-TOF/TOF. Up-regulated proteins under salt stress
include an ABC transporter permease, glycerol-3-phosphate permease, pyrimidine nucleotide transporter, formate
dehydrogenase, and down-regulated proteins include succinate dehydrogenase iron-sulfur subunit, flavoprotein
subunit, cytochrome b-556 subunit, and a hypothetical membrane protein similar to charperone Dnal. Some of
these changes were further verified by enzyme activity assay. Most of these proteins are highly hydrophobic
trans-membrane protein, and responsible for material transport across membrane and energy metabolism. These
results indicated that in halophilic Bacillus sp. 1121, higher salt stress activated material transport across plasma
membrane, and compatible solutes, such as proline and ectoine, could be synthesized through suppressed TCA
cycle. The research further demonstrated that besides the protein complexes in mitochondria and chloroplast,
BN/SDS-PAGE is also a powerful tool for the protein complexes in plasma membrane.

Key words halophilic Bacillus, compatible solute, plasma membrane, protein complex, blue native gel
electrophoresis
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