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BB RE®E 17560 2 s R RS 4H A 53 7 &
DGTS & ERE = fE 5 RIiE

XY DER TR 2EF 40k BELT BRET
(1. Jemtir g pi®h 2z et st ol A= P HOR BT L Lol BB 5 AR P HoR
e E A E  Jbat 100097)

(2. E MR B A B U5 5 R X RIBIE T T AR RV 5 3 5 i
AT E  Jbat 100081)

(3. bR AR Wik TR SBE dbat 100023)

B OE: (8] SoAr—HaoB i BRIENE BEIRE @Eﬂﬁ‘ﬁﬂfﬁk&i’%‘@ 5
T@RIERE AR, FRZEA T LG RET mICE A — B A = A5 L AR
(DGTS)& B . [ %] 5 3 £ R F &4 % 4 Sherwood ;Uf\i I A HATARSE ) 35,
A Bligh-Dyer 7 ix R B e JL R A, vA LRIk Sinorhizobium meliloti (B 75 F 498 @)
Bk 1021 #9068 X B &A= 55 PE. PG. PC A7 °f sutk h A0, AR & & BAT 7 ik 547 R
B F AT RARRG @ILRS 2. Y GenBank F & A K 9 DGTS 4RI B brad
#2 btaB J7- 3%t 5| 4, vA 7 DGTS B A 20 DNA AARMR, 33§ btad #= btaB FlRIKH,

Jt A E. coil BL21(DE3)& A, [ oA & X B A2 F S I L AEIE DGTS vASE A
Bl shée. *FTHEAR 17560 #4T 16S IRNA KR 75047, [4R] o & 6 ZBRITH M E BAR
FBH 17560 5 Sinorhizobium meliloti % 16S rRNA 2 B 5 7] A8 AP 5 1A 99.8%, {21 28 fiel
JE RS 20 A, B S R ) T A B B 4k Sinorhizobium meliloti 1021 #9882 A, . A2 KB W18 1
T, ZAMRG @I £% B OL 4= DGTS ¥ LAFNGLLMR, 12 OL ¢4 & R F), XK
PRAH 3 AP R KA 49 B RBRAS (OLs), ™ A i #& Sinorhizobium meliloti 1021 A 44 —
R G 8 REAE(OL). EEFHESELHT, ZAY @IS £2 9 PE fo—F K 4o
A RAEFEE R, PG5 PC 84 R Y, M AWE M Sinorhizobium meliloti 1021 4 48
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JOJERE £ & ¢ PE.PG 5 PC 48 %. 8 if PCR ¥ 3¢ A= DGTS @4k 17560 F %k 1F 1913 bp
DNA H B, 253 2 # KX ILE ¥ A P/ ORF 5 H 4k Sinorhizobium meliloti 1021 ) btaAd
Fa btaB A B 5| A0 3 A 99%. 5% DNA K B % 4 F pET-30a(+)4F 2] & 287 #2 pLHO1,
A0S T RIF R A B AR E. coli BL21(DE3)-pLHO1, 2 IPTG#%/6 F A 5T 24 H
45kD F2 25 kD 9% 6. B EENBIETUE mLBAR AR, L REAW, REABWE. coli
BL21(DE3)-pLHO1 T ¥A & IPTG ¥ /& & M AAIE DGTS, s N = B4k pET-30a(+)49 A
P} B E R E. coli BL21(DE3)-pET-30a(+) 1 R A& . [4536 ] R 4R F {0 R 49 H 75 4R
¥ B MR 6 IR AR 2B P R H TR ARG I 69 aa IR R MR SRR 49 B S E RR  R
16, IRFEI A S T e iR AE & d OL A= DGTS 5§ LB 20, 4 Sinorhizobium FERE
bR EIN—Fr Kot BILFEIE A3 R F) KA 49 B RELAS(OLs); AHE 4R 17560 F £ 143513 2
/™~ DGTS &Ik B btad #= btaB, ERMATH FRAEEL, FHER T TRZAR 6935,

X887 B EREE, @ielE LERRS, DGTS, # B BN, btad #= btaB £ B #1445 k&

Membrane lipids analysis of a bacterial strain 17560 isolated
from nodule of Alfalfa and cloning and expression
of the genes for diacylglyceryl trimethylhomoserine
(DGTS) biosynthesis
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Abstract: [Objective] The aim of this study is to analyse membrane lipids composition of a
rhizobial strain isolated from nodule of Alfalfa in Heilongjiang province under phospho-
rus-limited condition and to clone and identify the genes required for diacylglyceryl
trimethylhomoserine (DGTS) biosynthesis. [Methods] The rhizobial strain was cultured in
Sherwood minimal medium containing either normal or low concentrations of inorganic
phosphate.The membrane lipids were extracted by Bligh-Dyer method and were analysed by
thin-layer chromatography (TLC) using both the lipids of Sinorhizobium meliloti 1021 and
standard samples of some phospholipid as a reference. PCR primers was designed according to
the sequences of btad and btaB in the GenBank. The PCR-amplified btad and btaB genes were
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expressed in Escherichia coli BL21(DE3). The gene function was verified by testing DGTS
production. 16S rRNA gene sequences of the strain 17560 was analysed. [Results] The strain
17560 isolated from Alfalfa in Heilongjiang province shares 99.8% 16S rRNA gene sequence
identity with Sinorhizobium meliloti. But its lipid compositions were quite different from that
of the reference strain S. meliloti 1021. Under phosphorus-limited conditions, the main mem-
brane lipids of the strain17560 were phosphorus-free lipids, such as ornithine lipid (OL) and
DGTS. Strain 17560 contain three different types of OLs meanwhile S. meliloti 1021 contain
only one type of OL. Under normal phosphorus condition, the main membrane lipids of strain
17560 were phospholipid, such as phosphatidylethanolamine (PE) and one unkonw
amino-containing phospholipid, while the main membrane lipids of S. meliloti 1021 are PE,
phosphatidylcholine (PC) and phosphatidylglycerol (PG). BtaA and btaB genes of strain 17560
were amplified. One PCR product of 1 913 bp was obtained, which contains two ORFs sharing
99% sequence identity with bta4 and btaB genes of S. meliloti 1021 respectively. This DNA
fragment was cloned to pET-30a(+) vector and transferred to E. coli BL21(DE3). The proteins
of 45 kD and 25 kD were detected, and TLC analysis further revealed DGTS production in the
expression strain when induced with isopropyl-b-D-thiogalactoside (IPTG). [Conclusion]
Membrane lipids of rhizobial strains from Alfalfa could be quite different although their phy-
logenetic position were the same. Membrane lipids of rhizobial strain varies with the phosphorus
content in the growth medium, the main membrane lipids of the strain were phosphorus-free
lipids, such as OL and DGTS wunder phosphorus-limiting condition. One unknown
amino-containing phospholipid and three different types of OLs was found in Sinorhizobium.
The btaAd and btaB genes were cloned and expressed successfully in E. coli.

Keywords: Rhizobia from Alfalfa, Phosphorus-free membrane lipids, Diacylglyceryl trimethylho-
moserine, Thin-layer chromatography (TLC), Cloning and expression of bfaA and btaB genes
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50%—70%HHE B = AR KR A B
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TORAGEME LA AR P2 R R . ARIE TR K
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%, RITCHERG AR AR NRAL A D, X —4f
PERG SR TR IR T TR AR I 8 A5 1 T AR A SR e
F1o YESCHRHRAE, Sinorhizobium meliloti 102171
B0 T AT LA R TR (SL) . S BRIR(OL)

TR = R R 2 AR (DGTS) 53 Fh TR,
HADGTSE—Fh EZ M TCHENR, H& = nT k)
EANHLBERE 1 50% L 15, HEMIDGTS & AR I8 B 1Y
— P E S AN TC NG, P RETERG SR AR T 1Y
PraitE AR EEAEH . B (Medicago sativa)
ML BRI, R R
RIS AR E) 2 ORI, FREA
EIE 133 hm’, JEHRE S0, FRE T
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s AR B IR S AR g s A R N H E AT
WY, ARG 178 A8 T 4 L S TC e g e F
FERAIARIE o AWFFEXT R H 3 R 1 —
PR T AR TR, A0 e (IR POl B O B 1% e 4%
PFF AT A0 R A 2 B AT, WA AN [R) 24
FRERE L, I X TEBEIR DG TS A=
YA Ik R AT o e S A SRR Y, B AR AR
K ETCHEIRDGTS & B T SO EE R B2, R
P20 I & I FH 2 JE il

1 RS

11w

L1.1 EHRFABRL: ASHESE ]k A6 AR T
H F L Ol A2 e R ol 5% 15 Al DR 5 B
MV A IR 5 A A S = 4, AR I
BB Mesorhizobium huakuii CCBAU2609" Fl
Sinorhizobium meliloti 1021 F 4y K2
(# 1), E. coli BL21(DE3)Hl pET-30a(+) Vector %
AR E AT, pPGEM-T Easy Vector system 125
& A Promega A ¥,

112 iEFRE: RUEREEIRT IR TY B
F 3 F Sherwood FEA 1538 Sherwood s
Hr R RS2 45 & 1.3 mmol/L K,HPO, Y Sherwood F
A B: 5% B Sherwood 1L W K% 3% K& & 5 &
0.02 mmol/L K,HPO, ) Sherwood FEAREFEEE
E. coli 3557 K LB 5574

1.1.3  EZRFIFLEE: Silica gel 60 F254 F54
HEEEHTH (20 cmx20 cm), W H 15 [E Merk 23 ;
WelsbrifiEdh PE. PC. PG, g H 3£ Sigma 2\ Fl;

BRI A% R N VI BamH 1 . Nde 1 .BSA . CIP, It
H 3£ [E NEB /A F]; T4 DNA Ligase, 4 H Promega
NF); Xba 1 Fl rTag, W H TaKaRa /A #); Plasmid
Mini Kit I, 1 OMEGA 2A7]; AL DNA $2HGR7]
&, WAL RAEA LA ], DNA marker Fl1EH
Jii Marker, 14 {dbntaX4 A n] g pT I
519, $5k FigAE TAEY) TREE AR MRS A R
ARG, HeE AR 7 EEE O el e
FEAH WA A W2 EL, 27.0 cmx
26.5 cmx7.0 cm, W [ 3¢ [ Sigma /2 7l; N-EVAP &
WA, W F 3&[F Organomation 23 f); 5417C A& 2
E0 AL, W B 1 E Eppendorf 7y F]; Bio-Rad
PTC-100 %! PCR ¥, 14 [ 3 E{ASRA AL B
1% %58 GDS-8000, 14 FH 3& FEIFHE A A
1.2 REENIEFSEIRGE

180 °C HRIRIRAF I AN, 8D 100 uL 2
5 mL TY kKRG FRIET, 28 °C JR%E55% 2 d LATR
R B AF R TR AR 1% 3R a4
T 50 mL Sherwood =g FIHELE S 3L, 28 °C
P HEFE 3-7 d J&5, 12 000 r/min 5.0 5 min Y4
WK, IBEZ 40 mg WEIKNE, 2T
1.5 mL B.045 R, 20 °C vkAI 474 H
1.3 16S rRNA EEFFI45

16S rRNA K1) PCR 414 K2 ¢ 41 72 5% FH
SCHRIOTW T, B S ¥ BT RS 16S rRNA KEA]
JF4)iE 14 EzTaxon (www.eztaxon.org)if47 [A] V514
FEXT AT
1.4 “HAEAERE AYTEEX

K H Bligh-Dyer J7ik!" 2 ERANMIE G2 &

F1 KAHRFAARBRER

Table 1 Rhizobia strains used in this study

[l7S fii EAEY) TR
Strains Host plant Geographic origin
Mesorhizobiumhuakuii CCBAU2609" Astragalus sinicus R
Sinorhizobium meliloti 10217 Medicago sativa ESE|
17560 K BRI
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JEHCEAE 40 mg A A IR R AR 1.5 mL 04,
RERT 100 pL B FRKPERE; mA
125 uL A5 M1 250 L Jo/K B e IR A 44,
14 000 r/min 20> 5 min, RG240 i RE S5 24 T wE
B TIOR, B LR A — B e L
B 125 uL 05 H1 125 pL £ 7K, %85
J&i 14 000 r/min &.0> 5 min, $% F 246 HUAHIEA
B 1.5 mL g O R, B 29 A T 58005 i 40 i
ERE, T—20 °C JKAENFE45
1.5 {HAEAERERY S 4R
151 BEEEREHSHAMN: KLU ELAAT
=20 °C VKAE R BERERE & AR T, BB
T30 pL A5, SRIrF IS b . B
NEME L BERE(PE) . Wi i 6 AR 5L (PC) FH i i 195 H-iif
(PRSI AR A A0, Bk 1 g/L
WENRVAT, BEOOSREE 25 pl. BX 20 cm*20 cm
Silica gel 60 F254 =& )22 Hrinat—ik, H
TEETEIE B E T R 0% 1.5 em AbRI—4 HZE,
B0 1 om AR SRER . FHRBIRES /NG B TRE
FeA b, R SR RN, SO T R R L
RN K=140:60:10 (V/V/V), REJZf[RZ)
80 min,
1.52 BEEMFE: RHBZESEE L. Hi=
Fik B AR g U AR R AR T Y
1.6 DGTS AR EE btad 1 btaB &) PCR 3
18 % 5 E

P& SCHRHRIE, 7ERhodobacter sphaeroidestiiE
WA JE B btad M btaB, EA15 32w DGTS A4
B G RPN SE PR TRl — A0
TN, T Hbtad FEF LIRS 5 btaBER 1
AR B E S Sinorhizobium meliloti 1Y
Y01848 F Y01847 H&[HB: 4 %€ Fbtad FlbtaBXs
HB M GenBank " F #btad FbtaBIENFH), 1E
DNAMAN | X}, FiPrimer 5.0 5147 %)
wmr:
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btaA-f: 5'-GGAATACATATGACGACTTCGCCCC
GGAT-3%

btad-r: 5-AAAGGATCC TCATGCTTTCTTCCG
GCAGAT-3';

btaB-f: 5'-GGAATACATATGAGCGCCGTGCAGA
CCGCGAA-3;

btaB-r: 5'-AAAGGATCCCTACGGTGCCGCGCG
GCGATAGA-3',

FEA IR RINAER o3 R AP i, PR AR
IYAETE [ 5199 R Nde 1 BEVIAE 5, 1ER 10519
HoBamH 1 MU A5 o Pk —Hk P~ DGTSAY LK
PR 17560, DL IE R 2H DNA W AR AR gk f 7 PCR Y™
H4, PCRORHH25 pL = h A 7 [ 3 K 4 DNA L
2 uL, 10x N 2% th 2.5 uL, btaA-fof, btaB-f
(20 pmol/L) 2 pL, btaB-r BY btad-r (20 pmol/L)
2 uL, dNTPs (2.5 mmol/L) 2 pL, rTag (5 U/uL)
2.5 U, ddH,O%E25 uL], PCRY HEFEFHy: 94 °C
5 min; 94 °C 1 min, 62 °C 1 min, 72 °C 3 min, 4t
35AMIEFR; 72 °C 10 min, R HEERE [R5 & o]
WCPCRY B4 =4, Wil T pGEM-T Easy!"Ji5i%
TaKaRajll ¥, FIBLASTx7F GenBank 4% 2%, 4>
BT A3 873
1.7 btaA 0 btaB EFE 5 [E

XTSI PCRY 14 7 ) 5 pET-30a(+) [t i 43
A TNde 1 FiBamH 1 XE§Y), BEUIIAZRS0 uL)
7 DNA/pET-30a(+) 10 pL; 10xBamH 1 Buffer
8 uL; BSA (10 g/L) 0.8 pL; Nde I (20 U/uL) 1 pL;
ddH,0 59.2 pL, 37 °CE§VIfER1 hEAL puL
BamH 1 (20 U/uL), 37 °CEEVITERI2 h, #R4KHEED)
Je AR AL R N AR 1 ik B i, KRRk
N AR ZR (100 pl) b 25 4K UG V) 7= $) 80 uL,
10xBamH 1 Buffer 2 pL, CIP (10 U/uL) 1 uL, J&
FZKAMNE100 ul, 37 °CHEEVIVEH30 minj5 FHEZE
52 °CHRZEA/EHI30 min, SR/ A4 pL 250 mmol/L
EDTA, 65 °C/E20 min, 5574 FIDNAR:4lifk
W &aifb)s, mAVENZE20 pLYDDWH, X}
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XUEGFYI= A TR i, SR INABSYI =43 uL,
pET-30a(+) 3 pL, 0.8 pL T4 DNA Ligase (3 U/uL),
10 pL 2xBuffer filddH,0 3.2 pL (20 pLi&R),
16 °CESI (10 WU b)) R AW
FUFHIE. coli BL21(DE3)EZ S0, i &
S FEIREZEKan (50 mg/L)LBE; IR 54 |,
37 °CHiFRidB(12-14 h), & RIRE R (Kan)iY
LB} 5 5 Ve b BEHLPC A B v, A TRl AE
W B Kan Y LB ARG 75 285 35 007, SR HUBR,
FHPCRY ¥4 FUX G (1) J7 5 I Uk, 7k R -
— 3, R RS M iR | ek BURIERE
BFI: o B P 7 126 25 7 2 RE SRR [ 16133647 o
1.8 btad 1 btaB EEF R EHRIE
1.8.1 BFRRIE: KA ML TR ANZS Tok
K pET-30a(H) R IAFE K E. coli BL21(DE3)#%
HR[16]7532ZE OD N 0.4-0.5, ALK E K
1 mmol/L 1 IPTG, 37 °C. 150 r/min #& 3% 5538, 47
BIAEMA IPTG 53 2011 X IPTG 155 12 h )5, B
1 000 pL B, 14 000 r/min &5.0> 5 min YA,
BAFET—20 °C {R1F
1.8.2 SDS-PAGE #&": B DL FARAFE T
=20 °C (I, FH 200 pL JoRKEEd R,
40 pL BHEW, A 10 pL 5 55 A FREZE R,
e 7K F 24#% 10 min, 10 000 r/min 5.0 5 min, |
Y8 Lk A o 2 1 Marker W, DA [RIRE I i
5 min, f SDS-PAGE VK, % Dy,
7% IR )5 WEE T REAH
1.9 btaA 1 btaB £ [F BY TN RELS IE

i S I G S T A | I i A N
pET-30a(+) 2Rtk E. coli BL21(DE3)4%Fh T
100 mL &4 F 8 £ (50 mg/L)AY LB Wi 1A 5 75 3
H, 37 °C RGEFRE OD=0.4 WAL E N
1 mmol/L IPTG #1715, 7£30 °C 55 T akLlif
7% 6 h JFHL 2 mL W, BLOURER, $REUEZE
22T 0T, KRS L DGTS,

2 R

2.1 16S rRNA EEFFIHLER

16S rRNA K731 Lxt 45 S R0, T bk
17560 5 Sinorhizobium meliloti 1) 16S rRNA FE£ [
JEHIARRIPE R IR 99.8%.
2.2 {REERMB T & 75 AR 58 & 20 R A A RS 4E B
D

Sy BIFEACBE A T b H i A A TR
T i HR R P PR R B ORI P S LU TR AR, SR IR
PRGNSR, SRENEAR i — R T2 2
Mroralr, ZmzEIR gL RN ED = By 0 S S e
J&, 52 HHERR Sinorhizobium meliloti 1021 &
Jig L% R AR T G B A L3 X LU e ) 28 A e e
RIOZH RS o 45 R (K DEB, 38 ARy
) — R T 5 MBI AR 17560 420 MR i S A
[ T2 L REIRE Sinorhizobium meliloti 1021 1S
K. TEACBE A S AR BR T & A TwE IR
DGTS (K 1A WJTKIE 5)5F, & &A 3 PRI S
ZMNR(OLs), M 3 F&iSr i, BT 2 4 2
S, IR FIE T R E AR 1B HTkiE
5), B AR TS lLERE Sinorhizobium meliloti
1021 WS EMAROL)MW HA 1 4k (B 1B 1
VKIE 3). TEIEH & 8 (FARE ) & T, %W
FRIGIENR & E 2 h#klE PE. PC. PG Fl—Fh A
FIEIEBR (B 1 AL BRI C BYTKIE 4); Bsh
FR 17560 TEm @ a2 ny Joils OL
(B 1 B AYUKiA 4), 250 T 5 Lk Sinorhizobium
meliloti 1021 TEEBEFAT TG WU 2 2R AR(OL)
(& 1 B fYIKIE 2),
2.3 btaA FA btaB EFH) PCR ¥ & K F 5|5

VERAEARRE A T 7= JCRE R e 3L H i = H
HE 22 ZR(DGTS)W R 17560, 7F TY Higedt
B IR ARG SR UL 40 DNA, RIS 1Y% btaA-f
Hl btaB-r ##47 PCR ¥ #4155 — 25K/ 2 kb 1Y
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DNA Fr B, ST I/ NEA—Z, YT Rl
H i F BGE T pGEM T-Easy #i4K, % TaKaRa
ANFENE, B4R 1 913 bp BIFESI, R
DNAMAN %% % ORF finder 14853 Hr i % il
AR BtilEAT ORF 40#r, 4553 anEl 2 s, 7E plusl
RTFEAE— KR 1251 bp (BRFEN E: 1-1 251)
SEHENY ORF, Zwfih 416 12 MR, 144 ORF416;
£ Plus3 HAEAE S — KR 666 bp (Bl SEA
1 248—1 913)5¢ ¥4/ ORF, Zwhd 221 MR IEMR, v
%5 ORF221 (‘EAHE GenBank Hft & 555435
2 IN977501 1 IN977502).

KX P4 ORF BTG iY 2 LR ¥ 91 1E 4k
PE1T BLASTp AHUME L XS, 455 7R ORF416 %
T 53 T2 K/NEN A 45 557.05 Da, J&F
DUF3419 K%, 5 Sinorhizobium meliloti T ff
1021 H il braA FEHFit5 & H SMc01848 (S-if
FH R ZERR: B0 3233 RN )
FAIEE 99%:; T ORF221 4t iR 1143 T K/
TN A 25 044.71 Da, J& T AdoMet MTases 5 Ji%,
5 Sinorhizobium meliloti TEH¥E 1021 7 btaB H:[H
AT SMc01847 (Mt S-IR 1 H B 2R i
N-F SRR B ARUTE 99%

2.4 ORF416 #1 ORF221 ERFE W EHKIX
¥ B R Bow R R IR pET-30a(+))5,

1 191 382 573 765

DGTS

OL

OL

1 23 45

E1 AEEFFHETHRERAREREEREMN
&%

Fig. 1 Thin-layer chromatogram of membrane lipids
from tested strains under different culture conditions

T A BZER YL, B B =EgLt, C: SHIEYL . 1: PC, PE,
PG, PS il CL IRA&HRFE; 2, 3: S. meliloti 1021 (i, 15#%); 4,
5: 17560 (Fif, fIGHE).

Note: Lipids were visualized with iodine (A), ninhydrin (B) and
molybdenum blue reagent (C) respectively. 1: Mixture of PC,
PE, PG, PS and CL; 2, 3: S. meliloti 1021 (Under high or low
concentrations of inorganic phosphate, respectively); 4, 5:
17560 (Under high or low concentrations of inorganic phos-
phate, respectively).

956 1147 1339 1530 1721 1913

Strand RF | T T T T

" } |

l
plus 1 |

F ¥ |

} |

plus 2 = ¥

¥ |

|

plus3 |

fl

Minus 1 K

Minus 2 : 4

-

i

Minus 3 | — -

k| k] |

B2 EARBH ORF 2H4%R
Fig. 2 The OREFs of the insert fragment
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FEWUTRL, SRABEIA PCR IR TR UER TS o F & K/NR 25 044.71 Dao HIE 3 ATLLE H, 4

Ry ZH ok N A ORF416 Hl ORF221 KL [
pET-30a(+) A4 1) FH M 5 41 Bobr, B Hoaw 440
pLHO1, % ABHPEE AR pLHO1 Fi7s Bk 2k
& pET-30a(+) ) R IL B ik E. coli BL21(DE3)43 4]
fir 4 0 E. coli BL21(DE3)-pLHO1 F1 E. coli
BL21(DE3)-.pET-30a(+) . # ik B # E. coli
BL21(DE3)-.pLHO1 1 B ¥ X M & E. coli
BL21(DE3)-pET-30a(+)ff LB ARG FRILHEFE,
25 1 mmol/L 1Y IPTG 5%, 37 °C. 150 r/min $z3%
ii?% 12 h JEUWEERIE, LI IPTG S RTHARES
He, 17 SDS-PAGE HiykAail, Z5HULIE 3,

i [} EXPASY %} ORF416 Fil ORF221 Ff4hth
A S0 45 R SURN A AN, 25 2R R,
ORF416 It & A BT pl k 9.07, 43 F= K/
}1 45 557.05 Da. ORF221 i 4t £ 1 )51 pl 4y 9.88,

kD M 1 2 3 4 kD

940

662—
45.0 — H—
33.0 — -
26.0 —

200 — — L o

1w~il|0

E 3 E. coli BL21(DE3)-pLH01 B9iE S %%

Fig. 3 The SDS-PAGE analysis of btaA and btaB pro-
tein expressed in E. coli BL21(DE3)

: M: Middle range £ 143 F &R 1 : E. coli BL21(DE3):

pET30a i SH; 2: E. coli BL21(DE3)-pET30a i S/5; 3:
E. coli BL21(DE3)-pLHO1 i/53HT; 4: E. coli BL21(DE3)-pLHO1

BRI,

Note: M: Middle range protein molecular weight standards; 1:
Before induction of E. coli BL21(DE3)-pET30a; 2: After induc-
tion of E. coli BL21(DE3)-pET30a; 3: Before induction of
E. coli BL21(DE3)-pLHO1; 4: After induction of E. coli
BL21(DE3)-pLHOI.

IPTG %5335, SDS-PAGE il &, E. coli
BL21(DE3)-pLHO1 F i BpFh Rk, H
I FRFINI AL J 45 kD FI 25 kD, SN
btad M btaB [RIJFEERFIR =PI 53+ K/ HE
5 1 E. coli BL21(DE3)-pET30a DU AE A N 57
WA T BRI E R
2.5 ORF416 #1 ORF221 EE@I)J BETOIE
FEKHM E. coli BL21(DE3)-pLHO1 At
HREA E. coli BL21(DE3)-pET-30a(+)7E LB k374t
R, 2K 1 mmol/L #Y IPTG HHT1AS:,
T30 °C 4%F FURSLREFR 6 h ), $EIANAENE 2
WOHZZ M0, s5R K 4 iR, E. coli
BL21(DE3)-pLHO1 £ IPTG 155 6 h J5 g rhs
#4 DGTS &, 1Mi E. coli BL21(DE3)-pET-30a(+)

1 23 45 6 7 8 9

DGTS

4 btaA F btaB E[E 7 E. coli BL21(DE3){K RIS
RiAERFMEN

Fig. 4 Detection of protein activity for btad and btaB
genes expressed in E. coli BL21(DE3) after induction

E: 1: PCARFE(1 g/L); 2: PG A5FFE(1 g/L); 3: PE Bnkf(1 g/L);
4: S meliloi 1021 5 B ; 5: S meliloti 1021 fiX#%; 6:
CCBAU2609 & #§; 7: CCBAU2609 fiX #; 8: E. coli
BL21(DE3)-pET-30a(+)i/5%)5; 9: E. coli BL21(DE3)-pLHO1
Vi d=s

Note: 1: Standard sample of PC (1 g/L); 2: Standard sample of
PG (1 g/L); 3: Standard sample of PCE (1 g/L); 4: S. meliloti
1021 under high phosphate condition; 5: S. meliloti 1021 under
low phosphate condition; 6: CCBAU2609 under high phos-
phate condition; 7: CCBAU2609 under low phosphate condi-
tion;8: Before induction of E. coli BL21(DE3)-pET-30a(+); 9:
After induction of E. coli BL21(DE3)-pET-30a(+).
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WA K E] DGTS, BEABIFE I SR btad
I btaB WYRIIREEIN (R K P HA DGTS &
AHOCHE TR
3 g

S @AM A T 2 RN b, 7E
MycobacteriumF Streptomyces 35 /0B % FCFHE
A b WA HGE, BT AR S E AR Y
K WARTE™™ B A RIBLE Thiobacillus thiooxidans
S5 TR 40 TR 17 A0 A I AN 2 I e S S R R,
A N HE I R R PT RE LA LR A U
Rhizobium tropiciie: M\ 55 P4 B iy 3¢ TR h o
B E 1) — A, %R B 4L 2T AR CTAT899 %}
e U B R R PR A 2 A A BT e B ARG Y
bubk, ATLAITEpH 4.0MMRIER R FA K, IR
M55 T 19 459 5w 4 R AR BR PO 2005 4F,
Rojas-JimenezZ5: P4 1 T 1 2 FH Ak CIAT899 1 7%
TEARN A ANF 1) S = RAR, 73444 ST, S2
FIP1, P2, JHIEMIILHST, S2E A HECIAT899TH
MRVERT LTS, P1. P2USE TR 518 EHYISE
(Phaseolus vulgaris) Y HEAEGRNE . RAEBA WS
WRIE 7E Burkholderia cepacia™t 515 F &0}, ¥
Sk 5 E MR & T e P 2011 4
Vences-Guzman 2§ P i 1) (5 34k ) = R IR
B E W HAER. tropiciiasi Ve 4 E T T

TIRAMBUIIIT, PR EERVIAERIEYSE P, R

tropicit) S Z RN 1 AR W& U, 20 i i o
I E S S EMR N, XTI AR —EER Y,
Bl ) 5 S PR NR e i s A o AT
RO A R R TLAR 0 A AR R TE I
38 Z5 A ARG 3R R ALY S R e, X
N T Rhizobium tropiciti R CIAT89911) & 2 ik
JEST. S2J¢P1, X SE Pk BT & A B ALY
5 R e T REW I T B AT T 22 it R KA B
AR HEIN A i Tk — 2P IR
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TR H b = 3 R 2 FH R (DGTS)) 2 A7
TET LR . B R RS ) |
LR AR B B FE A% A ) P DG TS Bk %
S —FhAn R TC RS, ZEARBE NG 254 T e L
BURPCH B RE T, 19994F, Geigers B Uik
i T DGTSZSinorhizobium melilotitE &m0 25
PER, MK & s EE s, HA bR
AR 157 % C A SLHIEI DG TS 55 Tl vl
& 3t Sinorhizobium meliloti TEARRE Pr0 S48 T 1Y
A KB ARBFSE R R 175604 G #E IE DGTS,
Wt IH T2 7 AR DA PR T REZE AR e £ 1 TR R
BB AAF g iE ), BARAFN T,

H A1 PN A R8BS 1A 9T AN £,
Y SCHRARIE, Sinorhizobium meliloti 1021 TEAKHE
AT LA AT AR(SL) . & ERAR(OL) . itk
H = T B 22 E R (DGTS) 45 3 R ICHEE" . i
WF5E % B4 B8 H BRI I — Bk 8 7 R B
17560 E:4R 5 Sinorhizobium meliloti 1) 16S rRNA
FERF IR I R ik 99.8%, {H LA IS 4H i
WANETF Sinorhizobium meliloti 1021 FIIRRSZH AL,
B IKIRIELE Sinorhizobium FEAgH LB T —FpARH
EIEBER K 3 PSRRI S & RIR(OLs), 18
TN T AR T 20 LR A B 2R . IR AR, TR
17560 114 2 b HRCZEL ok B 5 5% 35k v g e 5 AN [
Ak, TEIEE B AN, XA RARERR & 2
HBENE PE. PG. PC K—FhRANM AR NG54
B FEARBEE G35 N, ARG ok
Jig & T, TRERE & A TR, IR 3
3 AR [FIZE AL 2 2R 5 (OLs) il DGTS S5k
BEZHR ABFFRMITAS DGTS F4EE 17560
N BI85 bad FI btaB FLlH, vakk kA
pET-30a(+)JEERIAFHE E. coli BL21(DE3) 155
FEIRRLT, FHIESE B B3 N B Fak 7= ELA G
PE. DGTS &Ml ik 5%k, Aitk—4
TERFIHBEE T—E TAESA,
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