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ACP & [ LR fab ] 154 25 5 BUH 75 T AR
WANREAE R A T AR, S5980 SR 40 1 Uk Bl 52
FUFEMAEL PRI, 6 A Hh SRR TR T R S A
SCEEDRIIF 5T A7 BT g R st v A 6 A= [ 2Lk
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1.1 ##
L1l Rk FORIMIREFREE

AW 5T A T K o AT BB AR A7 MG1655.
DH5q. S17-109F1 CY57(fabA (Ts))™, i 7 i AR
S R AR Y Rm1021, e Ad B RE IS 8 bk TR 1A
AWAR. B TR pMD19-T. pBAD24mUEsl,
pVLT33. p34S-GmMH1 pK18mobsacB™, I fih #;
I8 L3k JFORE AT AR TORLCRAAR R LR 30). LB
FIAER: 5 KA W ) 4= & By 7R 58, RB AR Rl iR
JUT IR 5 I AR AR R B R Bk TY K5 9R4E: 59/l
Trypton, 5 g/L Yeast Extract, 0.07 g/L CaCl,, pH 6.5,

115 28°C B3R MU R RO IE DesA 5878 HE, %
I8 0 5% 5 10% Py e A At £ i 8 7). IR ZURE 7%
#: 0.2 g/L KH,PO,, 0.2 g/L MgSO,*7H,0, 0.2 g/L
NaCl, 0.12 g/L CaSO,*2 H,0, 0.025 g/L NaFeEDTA,
0.004 g/L Na,M00,*2H,0, LA K b [F) il 5 T 35 .
MS Ri 7kt B MS 5557 B X K e 75 & 1L
i B AR AT AR A M B R e 100 mg/L
HNTH 2 (Amp), 30 mg/L K EEE 2 (Km), 30 mg/L
A& Z(Cm), 30 mg/L K K#ZE(Gm), 0.02% L- [if
BrAABE(Ara). B5 5774 250 mg/L MgSO,* 7H,0,
150 mg/L CaCl, *2H,0, 150 mg/L KH,PO, *H,0,
27.8 mg/L FeSO, *7H,O, 37.3 mg/L NarEDTA,
60 mg/L KNO;, 0.01 mg/L H,BO;, 0.01 mg/L
H,MO,, 0.01 mg/L MnSO,, JT H kK& MHCH.
1.1.2 Wl

PREIE N DI T4 JE#:8. Tag. pfu DNA %
M. Marker DL2000 S50 T #fhw . Bk
$2 BRI DNA Bt 5 [a] e 45 3k 5 & 28 e B OK &
TaKaRa A 7l; A FH %= FIER. #ER.
PR 8 256 H AL U E A R IPTG 2818 H
Sigma 2~ r]. PCR(polymerase chain reaction)d 14 5|
VSN AT 1 i Sangon 2 F & . [1-4Cl 21
Al (192 x10™ Bg/mol) ) H American Radiolabeled
Chemicals A ).
1.2 E4H DNA #AR

AT FTAE I PCR 51 ILEE 1, DLE 4+
MR 98 B Rm1021 JE K1 41 DNA h BEb, i pfu
DNA E A5 PCR 1Y SmdesA 2. M1 PCR 4~
W4y, % Taq DNA REEHEM R IR, &
2 pMD19-T #dk, 4 b K #T % DH5q«, i
IEFAPE R, DNA FEAIMIE 3 UE T Bk b4
FERFA, 15E ok pMICL. H EcoR T F1 Xba 1
b pMICL, [n] W B ) 7= W) IF v BE B A 4K
pBAD24m, 14 F|H #MRIAHE AL pMIC2. HIFI AL
715K SmdesA T4 #) pVLT33 L 745 51 B4 3 4K
pMJC3.
1.3 BEEXNS T SERERERER B

A i 4 1) pMIC2 LA J¢ pBAD24m 7 35 Ak 4y
A BE K AT 1 fabA BRI E BB S48 Bk CY57
WA T LB AR B (F Amp FiEER), 30°C B
BRI, TR T, R AT R R e
£ RB £ 773 (F Amp, BTRLAAHE) b, FFF 30°C I
42°C Kr Rl e, WS4 R A= KA L.
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Table 1 Sequences of the PCR primers used in this work

Primer Primer name Primer sequence (5'to 3")
B1 pBAD reverse GCTGAAAATCTTCTCTCATCC
B2 pBAD forward CGCAACTCTCTACTGTTTCTC
M1 M13 forward CGCCAGGGTTTTCCCAGTCACGAC
M2 M13 reverse GAGCGGATAACAATTTCACACAGG
S1 SacB forward CGGCACTGTCGCAAACTATCAC
S2 SacB reverse TTTGTTCAGCGGCTTGTATGGG
Al SmdesA EcoR 1 GAGGAATTCACCATGAGCGCACATGTCTAT
A2 SmdesA Xba | TATCTAGATTACTTCGTCTTTCGTCC
P1 Up EcoR 1 CGAATTCGACAATAAGTCGGGCAAGATG
P2 Up Xba 1 TATCTAGAAACGAGTGAAGCGGGTGGAT
P3 Dn Xba 1 TATCTAGATCATGAAGATGGACGAAAGACG
P4 Dn Hind Il CGCAAGCTTACGCAAAGGGAGAACGAATA
P5 Check Up GCCGAGAACGAGCGAATCCTAG
P6 Check Dn ACCACGAGCAGAAGCGATCCT

W B IR BAE T AN o BT 10 K T AT B 4 Rl /E 5 ml
LB Brgedtrh, 30°C & T RiFRI A #7200 p
MR IR %) 5 ml RB #4537 56H, 30°C 460 FR5 9%
4h, HEBETRE] Aew N 0.6, 42T Hi3E 2 h i
20% L- BT H A8 5 wl MI[1-UCI1ZPR4M 5 wl, 4kali:
7% 2~3 h B HUE K 4 000 r/min 5.0 10 min
W b, R NaOH HIES 1 £6 1% F e (1) 7 V24
P PR IBE U TR BCR I E E T, M
18 I B 2R GRS W TS P A .

14 BHEPEREE desA RETHREE

pK18mobsacB # 41 H % PE #4411+ 1 45 b 4
HYIRI TR SmdesA Fe PRI R SRR IR 2. DL A
T A RJR B Rm1021 2 (K1 41 DNA S ik, 8 ik
PCR 73 54 38 i SmdesA FE K ¥ L i J B (Up,
Down), ##F PCR ¥f SmdesA &K 1R i Boigi b
FERY BT F] SmdesA (UpDn), %2 %] pMD19-T,
IEMT. SmdesA (UpDn) HIBRHI1E N VIEE EcoR T F1
Hind 1714k DNA FrBUs, 32382 30 FAH I R 1 A
Y] B W 4k i pK18mobsacB # & I, 14 #
pK18mobsacB-SmdesAUpDn. i R ) ¥ A 1) B
Hind 1 B U] p34S-Gm [Hldie Gm Jv B, #4104z 2
pK18mobsacB-SmdesAUpDn  # & L , 13 #|
pK18mobsacB-SmdesA UpDnGm, iy % 4 pMJICA4.
¥ pMICA #2 4k KA B S17-1 Wikk, ST iE
908 4 B A= 8 T bk RM2021 78 TY SR | 30°C &
BFE 48 h, RIGKEATYM 1 ml TY BRI
BIFEIEMRE R U10° J5 A T I Km, Gm #il Cm

BUPER TY “EAE, 30°C 535 72~96 h 5133
PR . IR IR B TR R SR A AN B S DNAL E
S1/S2 5|40 P1/P4 514yt AT PCR A, 3RA3—IK
L 2H TRAR (IS TR G 3 A b AR AR R B R R 4
W) B IR E LR FRER N Cm (1) TY AR R 7
e 30°C K5 9% 72 h, KR FRWIM R AT TN Cm
(0 TY AR FRIE b, B A=K R 1) B i v 40 i
B EI&F 10%EH . Cm A Km. Gm P F A [ 1
TY FfRRE I b, BT REA K. Bk
HROK TR A RBURK T 6T Km T Gm R0 () B TR 9 35 9%
FrHhHE S DNA, &L R T PCR Krilk.
1.5 REHKBERFERIMIZFILE S M E

JE W B B2 11 7 v2: 2 R SCHR[18],  HAK N T
PR B A T 10 mlF e TY Bigadkh, 30°C &
PR FE 72 h. 4000 r/min 2.0 10 min WS A4
1 ml ¥ NaOH- H s v B 7 4 i, & Tk Kb
1h, II%ERE 10 min 2% AR, I 2 ml (1)
HCI- FIERER, 789015 5 &1 80°C 7K+ 30 min.
K45 R G A H15) 20°C LR, IiA 1 ml A7 i
ik, 2843 IEA1 )5 4 000 r/min B5.0 5 min /54 2,
W R g, B8 P2k, A4
B 3ml AR, BT K e TR N, A
WMEE RS S BRI R, —20°C fRAF#H . Eit
GC-MS 434 g i B 4L s 7
1.6 REFREKMLNE

PO - PR PR (1 SRR T3 B (1 A B R B
FERIIRAE Ao N 0.6 ZE47. KRN T WHE 2% L



2015; 42 (8)

DEM, % BETEREE desA EEINEERERE

-743-

A0 BB o R A RS TR PR G R, B 2 h I
TE K Aeor LI AER 2. 35 B $i A K 0 5
i, THERES AR AR
17 BHEPEREEEEETEYIR
1.7.1  RE AR SR

KR /33 30 ml B B5 973k, JCE T S U
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NBTER R, R 3451 R0 20 506 1R b 2
AL E AR, By PSR KW, 84—
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AR T A R B SR EL IRl SR AT
TEH.
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P A A AR R B T 44% (K 1). [, 1R
SmDesA HH K L T i I 1 M A R SRR 1) 3 AN O
BRI LA HXH B P B K 2 A
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RS REGHHE, ERNPOSEE, I8 s T
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Fig. 1 The alignment of bacteria DesA proteins

Alignments of S. meliloti SmDesA with homologs from B. subtilis is shown. Identical residues are indicated by white letters. The active-site residues,

His-X-X-X-His and His-X-X-His-His in DesA are underlined. The homology over the entire lengths of the proteins shown was 44.0%.

2.2 SmdesA iEE B4 KT E KT

N T AER WAL SmdesA gt )& A& & HA
WA T GE, AW SmdesA F& K 33 % %]
pBAD24m H AMEAK, RIGHAL R KM B fabA (1)
IR SRR CY57. EcfabA & KA B AN RN

G Wi 8 & ) G B R R, IR 2 WF SRR IE T
EcfabA 2 Kk w A K L T HE 2, fabA B
FEBURIEAL R CY57 75 30°C IEH A, 1 42°C I,
W1 fabA FERI oGk, ANVRN TG 107 19 5 2 B
ANEEIEH A K. K pMIC2 1 pBAD24m %5 # #4 4,
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CY57 Jii, {EdINAT BT HATRE ¥ RB FAR S 4%
T I ARG, &5 RORI, #5407 40 U5 T0RE (1)
CY57 B bk [R5 717 2 AR ik pBAD24m [ B bk —
BIRAEAE 42°C K (8] 28), WEN SmdesA ANAEVKE
CY57 MK RM, XEW SmdesA It A fig H£h
CY57 H' EcfabA kK.

HAR FIRSLIG T SmdesA ANAEVKE CY5T 4
KR, BATHAGEHEM: SmdesA g A S5
ARG TR (5 . Ak — 2 5 E SmDesA (1)
ifie, AW H[L-UCl L BRAbR i b Ak, T8
R AT AT & RR I IR R AL e, 45 &l 2b
Ji7s. ¥4k pBAD24m (1) CY57 BEtk, HTH 3-5%

FESEWE ACP B /K e e il 2R 0%, T LA AT AN RN i
IR G e, BT AR EAA R R TR IR 455, R
DA ARG 7 I 1 4% 5 (1] 2b Yk I8 4~ 5). ¥4k
PMIC2(SmdesA) It CY57 Bk, (EEA IS 0BTz AA
AR AT R RIS, HEeE AR AN A
NI (P& 2b YK 3). LRI RAFRE 75 2, fE
% 5 O B IR AN YRR D5 18 () 2b Yk 3E 2), IF H.
& IR RS 5 BT AR R B AR MG1655 — B (& 2b Tk
T 7). XK SmdesA iS22 AT i vl F1H 1) 355 1
RE K R R0 74D g o7 22 I L AR P2 B AN AL R F A A i 2
RWAN 318

(b)

SFA —

Al11C18: 1 —

A9C16: 1 —

[1-“Clacetate + + + + +
Ara + - + -

Fig. 2 Growth of transformants and thin-layer chromatographic analysis of fatty acid composition

of E. coli fabA(ts) mutant CY57 with plasmid carrying SmdesA gene
(8) E. coli strains CY57 carrying the pBAD24M or pBAD24M-derived plasmid pMJC2 (SmdesA) were grown at 30C and 42°C on RB medium
containing arabinose. (b) Argentation thin-layer chromatographic analysis of [1-*“C]acetate labeled E. coli CY57 with plasmid carrying SmdesA. The
migration positions of the methyl esters of the fatty acids species are shown. 7: MG1655; 2, 3: CY57 carrying plasmid pMJC2; 4, 5: CY57/pBAD24M.

2.3 SmdesA TR PRBIMIEFNAERAERLE BN E

T b3 A T A ER R RS 25 A i A0 PR 1
JIG MR IDT PR ZH G = AT S, UEW T B T AR
P SmdesA TR 97 T B (4 15 17 R e L FO . 4
T HE— D SmdesA WIEFLTNRE, WA E T
SmdesA H: X ) pK18mobsacB [ 4% 11 3 14 pMIC4
IR H x4 pMIC3. K pMIC4(pK18mobsacB-
desA UpDnGm) ¥ A6 KIGFFT& S17-1w bk, il 5
R HE N AE T AR R BT AR 2 R R SM1021 4H

M, RAFIVEEL, — RE A TR 2
T AR R A, 20 IR H A SE R B
s BT AR I S AR bR, DR A B D B
3a fiR. h Tk SmdesA HLRFEAR, Wk
Sof— RIS RL (5 Kmy Gm Al Cm 1) TY) E1783%
(PEAL 7 AT B 7% PCR I80E, &5 Wil 3b s,
PR FL AL F2 RS040 & S1/S2 fed 14
ScaB J Bok (& 3b vk 1 A1 2), 1 PL/P4 5|4l
HMAEY 1 HH—4% 1.7 Kb F1— 45595 1) 2.8 kb [
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etk F B (¥ 3b UkiE 5 i 6), RIXMWAFETEY Bi(& 3c VKl 2~4 il 6~8). IEH ST BRRRIEAT AL
& SmdesA — IR EA BFE. ATER FL WHRIEAT A desA BRXITIT, 45 R W78 SmdesA B
gifth, HBASH 10%EMHE. Cm M Km. Gm % IR, KRR 2O AdesA . K HIEELT
PO TY B9 dE b, AT ZIREAWEHE TG 9 SmdesA HAMEAE pMIC3 F AL KT B4 S17-1 1
M, JEHOCEEREABUBN Km Fl Gm UKk b, B SHBIEN Adesd AT, WM E
%K ALIA2 1 P5/P6 51421 45 34T PCR &, A Km A Cm ) TY Wﬁ PCR #iik £ 2 (b i i
S R LW 3 A HTE V& S1. S2 M1 S3 AREY Mt KN AdesA HANFIRR, A4l AdesAIpMIC3.
SmdesA A KJFH], (HAREY 14 H 836 bp 4R H

)y 1 2

a
) Al A2
I‘- 669 bp -o|<—1 068 bp —+—1 094 bp —DI
P1 P2 P3 P4

—20

desA-Up

—0 75
—0.5

- 1904 bp = | -
2831b =
P1 P P4 | 01
desA-up AdesA © 1 2

836 bp = 2 g
—1.
P Pe —0.75
—05
desA up Gm¢ pMJC4 -
F’ 1763 b ‘{ —0.1
PL P4

Fig. 3 Construction and characterization of the ASmdesA mutation in S. meliloti

(@) SmdesA gene and knockout construct. The map of the wild-type allele and knockout construct pMJC4 are indicated. The length of homologous
sequence (bp) and the position of primers P1/P4, A1/A2 and P5/P6 used to screen S. meliloti transformants are indicated. (b) Characterization of the
first homologous recombination mutation by PCR. Two first-homologous recombination transformants F1 (lane 7 and 5), F2 (lane 2 and 6), pMJC4
(lane 3 and 7) and wild type Rm1021 (lane 4 and 8) were firstly screened by PCR with specific primers B1 and B2 (lanes /~ 4) and then confirmed with
primers P1 and P4 (lanes 5~ 8). Molecular mass markers were indicated in right margins. (c) Construction of ASmdesA mutations were assayed by
colony PCR. Three ASmdesA transformants S1 (lane 2 and 6), S2 (lane 3 and 7), S3 (lane 4 and 8) and wild type Rm1021 (lane 7 and 5) were firstly
screened by PCR with specific primers Al and A2 (lanes /~ 4) and then confirmed by PCR with P5 and P6 (lanes 5~ 8).

AT KD SmdesA FEALTE AT FEMA 1 A P AEHUH

WINEI R A B, FATHISE T AdesA RAZKK. T Table 2 Fatty acid composition of S. meliloti wild
AN RE S B AE R AR AR I IR, R Je it type, mutant strain and revertant strain
GC-MS Wl 52 25 AR I I I R AL R, 45 SRk 2 fr Fatty acid Wild-type AdesA AdesA/pMIC3
T A TP AR R B A0 I S A R R R AN R T s Cl4: 0 803:0.19  10.16+1.03 8.74:0.35
fig, Ll C18 1 1 ARG IR N 3=, B AR C16: 1 4.53:0.04 4.15:0.04 4.28:0.08
VAR T AN YR I 7 12 5 00 0 B 0 R 2 B (UFA C16: 0 890:0.61 12250467 1036059
SFA) i 3.34. = SmdesA € B R KA )5, M ci8:1 7152:119  69.11:086  70.75:1.09
UFA : SFA T %% 2.85, H AdesA S87Z#k 5 A c18: 0 5.83:0.27 230:0140 49950299
TR (16 & 1)FI+ J\ BRI IR (18 - 1)) 7 5 A5 A /M i UFA: SFA 224 - ™

R, gt R 5B AEMERAMHE, — |
AdesA SERREERIRR (16 © 0) (W& B AT B & METH i, a)l?ld< 0.01, compared with wild-type. PP < 0.05, compared with
WA AR IR (18 & 0) o ft AT S5 M BRI (2 2). iX wild-type.
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(12°C)F i £5(2.5% NaCl) 4 s AdesA SEAERE I
IR A RS B E EK T L5, S5k,
PE TR PE (pH 5.0) FI B P (pH 8.2) 14~ »  SmdesA
SRR AR A KA BA B, A AL

V4

Table 3 Generation time of S. meliloti wild-type,

mutant strain and revertant strain

Culture conditions Wild-type AdesA AdesA/pMIC3
30C,pH 6.5 0.1% NaCl 5.26+0.94  7.86+1.10 5.39+0.91
12°C,pH 6.5,0.1% NaCl 12.12+2.43 24.35+1.30 12.59+1.62
30C,pH6.5,25% NaCl 5.64+0.62 10.79+0.919  7.02+0.45
30C,pH8.2,0.1% NaCl 6.03+1.41  8.46+1.20 8.03+1.22
30C,pH5.0,0.1% NaCl  3.38+0.10  3.79+0.24 3.61+0.11

3 p<0.01, compared with wild-type.
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Fig. 4 Analysis of effective nodules’ number of alfalfa by applying S. meliloti Rm1021, AdesA and AdesA/pMJC3
(a) Statistics of nodules' number of alfalfa inoculated with S. meliloti Rm1021, AdesA and AdesA/pMJC3 in culture tube, each strain inoculation of 10

plants. (b) Nodules' number of alfalfa cultured for 50 days in soil cultivation after inoculated with S. meliloti stains, each bacteria inoculated 72 plants
cultured in 8 plastic flower pots (9 plants every pot). ***P < 0.001, AdesA vs wild-type, “P < 0.01, AdesA vs AdesA/pMJIC3. The data is presented as the

x + s, n=9.
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Identification and Function Reasearch of desA of Sinorhizobium meliloti’

MA Jin-Cheng, ZHOU Jun-Chao, WU Chu-Yun, HU Zhe, WANG Hai-Hong™

(College of Life Sciences, South China Agricultural University, Guangdong Provincial Key Laboratory of Protein Function
and Regulation in Agricultural Organisms, Guangzhou 510642, China)

Abstract Unsaturated fatty acids play important roles in Sinorhizobium meliloti adaptation to external
environment stress and symbiotic nodulation. The symbiotic plasmid A of S. meliloti encodes a DesA homologue,
which has 44% identity to Bacillus subtilis DesA. However, whether S. meliloti DesA is able to play functions in
fatty acid synthesis was not determined. We report that though SmdesA gene could not restore the growth of E. coli
fabA temperature sensitive mutant CY57 under non-permissive conditions, argentation thin layer chromatography
assay show that CY57 carrying desA encoded plasmid could produce palmitoleic acid and octadecadienoic acid.
This indicate that SmdesA encodes acyl-lipid desaturase. In addition, deletion of SmdesA gene have led to a little
effects on the fatty acid composition of S. meliloti, but show a significant impact on growth rate in low temperature
and high salt conditions, and the ability of alfalfa symbiotic nodulation. DesA is not the key enzyme of unsaturated
fatty acid synthesis of S. meliloti, but it plays important biological roles in S. meliloti dealing with environment
stress and nodular process.
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