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(carboxyl transferase domain, CT) [f) B V%, 4 7 b
accB ,accC 1 accD Zﬁﬁgﬂb_“ o ZHIKWIR B4 MK
AT B AR F AR S R BL T A 4 AN WAL
FEIN . fdl, Gu A5 SO B A9 B TR AR ACC 4
WL FEIN T b BIF 5T AT R T S
[ 45 3 T % I > WL BN aced T

H1 3 ACC L2 IR 5 R 5 B b 1 3 224 ) WF 9 3
ATIR) R e D] R AR O 82 v bk 1 I U PR 5 B
i R E ) & BT TIRAWI ST, T A R
YR ) 2 K AT R A U I B DAL, s L aced AEA
M) 4 AN BE R R L 3k O WL R TE , T B AT X aceA (1)
e R IE . HH R R R A RE Bl R ACC SR A
v I ) AR, B G ) 12 B DR I I I TR S R LA A ) T
ERRAE T T AR ST AT o

W 35 By 6 B ( Alkalimonas amylolytica )
N1O J& A 52 50 5 00 B B N 5200 5258 U R 3 50 1
R 2 T R M R, AR KT A NaCl oy
0-7% (W/V),pH 8 —11, R4l Wang % % % 4
(7 5% 8 URALF I FATR I aced X (1) &
Foa AR 25— EEL pH X5 Na' 1551
ZEFE Lo P AHIE 5T 3 B T 1% B aced |, #3493 5
FE KT FF BRI & BY -2 4l fg R0k, 25 e T
20 K M AR 0 S B A A R A R R A, A
W IR 75 T aceA 18 A2 BE 41 16 F1KE ) 40 i 1S 25
B 7 i A
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1.1. 1 & &k 0 & fL : Alkalimonas amylolytica N10
(AS 1.3430) ,E. coli K12 ,K12 AaccA, % BY-2 &
FAR, & AT # EHA-105,pUCI8,pPZP111,

L1.2 3EFE: (1) KRR IR R 5
WAL LB B 77 5, e Al ¥ 0 i 55 9% L AL T
MAT100 we/mLE w75 % R 1 LB B AL 1 1Y 55 2h
RES0 UE 15 77 JE A6 0 N A5 NaCl Sy A NAE [0% ,2%
4% ,6% (W/V) 11t LB K5 7% 3 (pH H 1) ; fiif 6k Th
BB R 35 IR JEAE LB i A 50 mM ) CAPS | CHES
A TRICINE fit 4 22 o #, K& Ja H NaOH i % pH
BHINAE . (2) W05 BY-2 BV 40 o B 9% 3 . By A= Y
20 M0 35 IR AL R 5 NT 85 7% 2k, BH PR % 40 & 40 i 19
B 7R H NS0 pg/mLR 6 25 3 1K NT 8 5% 5k, B4

e Ak 2 20 1 9% 18 4 FH N NS0 g/ mLR S A7 A
100 pwg/mLk A% 1) NT Ki g dik
L1.3  FZl 7 #0008 ol o b il /) & (Fast
clone kit) W H PUEX 2 =], it ki 42 B 7 &
(Plasmid-mini kit) 1 DNA 7= 4 4l 14 [5] 4 38 7 &
(Cycle-Pure kit) JliJ H Omega 2> #, H L 2% #b 7
CAPS, CHES HiI TRICINE iy H Ameresco A 7;
DUSO0 %% 4k 4% ¢ ¢ 5 +F % & £ |E Beckman Coulter
2w s PCR AW B 7 [F Eppendorf 24 #]
1.2 FHFAKRMEE

KM Fast PCR Clone Kit (R 3£ v & #4 £ il 7
) v S DA A AR e A A A S, PRLRE R 5 T R 1Y)
Fe A A B B, ARSI A S s N — B (&
/15 bp) 5 #4k pUCI8 T 3NHIEH: e ol h
5'-TATGACCATGATTACCATGATGTTAAATTAT-3'
TWsI ¥k 5'-CAGGTCGACTCTAGACTAGCAATAA
CCAAA-3", LUNI10 K& 20 4 B, PCR 438 J5 11
YRl 4l AL )5, 54 EcoR1 FI BamH1 XL 1] () 25 44
pUCTS 3, 2 4 7 W e A KA 1 K12 sz &5 4
M, R 7E 5 100 we/mL {20 R % % 1) LB #5357
P ESR H R P& PCR O J7 2 B ade B v B, BH P e
W~ E A7 W P 56 E
1.3 E[F Aa-accA iR 5 KA &E K12 A = 1%
B9 7E

FEF A E. coli K12 Jali 7 4% 844 pUCI8 1
K12/pUCI18 #1 4k Y5 4 K accA ff) K12/pUC18-Aa-
accA FEN B LB AR ES F7 56, il e M 10, 37 C He ¥
B5 %5 W E M1 W ODgy o LA 0Dy = 1.000, £ Fift 5
N 1% Wk fE , 2 Fh $14 mLAR [ pH(8.0,8.5,9.0,
9.5) AW E[0% ,2% ,4% ,6% (W/V) NaCl]
M) LB 57, 37°C K 95,12 h J5 0l 5 0Dy, , %
IR TR BRI AR ROIR G o A 18 ST B R O BB, R A 8K
BN 3 AT
1.4 AKiENE

37°C 85 3 1 % B T ——KI12/pUCIS8 , K12/
pUC18- Aa-accA & ODy, , G5 — 4l & L 0Dy, =
1.000, & 4 1% 1) b fE, 2 5 2250 mL 5 NaCl
h 6% (W/V)F pH 55 9.0 1) 2 Ffr LB i 4 1 7%
H,37°C ,200 v/ mindi 3% 15 7%, £FFE2 hill 5 0D, o
1.5 HM&A Aa-accA 25 XA E K12 AaccA 5[
1A 28 it 52 1 TE

KA E. coli K12 accA 2K (1) K i #F
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K12 AaccA F1 & 4 Pk K12AaccA/pUCIS |
K12AaccA/pUC18- Aa-accA N\ B LB 44 1% 57 3 |
il e Ah 598, 37 °C e 5 15 7% 5 € A1 0Dy, , LA
0Dy, =1. 000, $EFh 54 1% [ F5#E, #Fi 4 mL pH
9.0 FIERWE K 6% (W/V) NaCl )P Fl LB ¥ 35
Jedt,37°C 197,12 hJF BSE 0D, .
1.6 Aa-accA EFEFIEE BY-2 240

A A0 U5 PR B AR A ) AL — s #oik pPZPL
b MR B R A T AR R A A e, AL
JEORL T HL B A 00 52U N R AP EHAL0S J& A2 541
M rf, B LS (AR AT B R A B BY -2 A, R AE
Witk An JriR HEAT

T2 450 pg/mL-RIBH R M) NT 55 781 A b3
FAM, PR EHIE N 41, I Aa-accA B X 5| 4 7 % 56
TE BA 1 3 46 &, PCR =W 38 AT I )3 56 00F
1.7 1EE BY-2 BiZMBEFA S0 R AT E 0N E

W 3 E 5 /Y 2 A0 U BORE B BY -2 410 g, T NT
WARRG FR MR — 5. 1 mL BY-2 4 Jfg & ih
B0 mL 500 mmol/L NaCl % 8% pH 4 9. 5 [ 7
122 0 -k 1R 0 7 P R BEAT AL L RIS P CE 2 h
Joi, JH FDA e (f )5 590 WA e N s & 2R, B R A
BY -2 4l Jfu 1 4 % i

2 HURAIr

2.1 E[FE Aa-accA B EESEHFFHHEE

LA B 5 5 N10 PR 41 2 B b, PCR 47 38 1%
R IE G o WAL A, 19 B Rr e M 454, 45 R
LUK 1 TR o PCR =95 Fe 3 W) A K /N987 bp
R B, & 41957 bp I H I BRI LR 514 )7 51

M 1

bp

1500—
1000 —

«— Aa-accA

500—

& 1. accA E & PCR =) &8k E
Figure 1. Electrophoresis of gene accA. M, 500 bp DNA marker;

lane 1, the gene of Aa-accA.

3£30 bp, PCR =4 [l 4ifk J5 15 4 BamHI  EcoRI
XU T) (1) 3 4% pUC18 R Fast PCR Clone Kit i% 4% | 3k
13 H B AK pUCT8-Aa-accA , ¥ A K I #T 1 K12 J&
522540 M 5 PR ve B, 22 16 vk PCROFI TR 8 1) 46
W, BH A 5 B - 3EAT WU P B E , S AR B A H S
Aa-accA ) TFE W . 754235 NCBI, i i BLAST
T HAE GenBank %48 ¢ rfv 2 AT 7] Y5 1 LG X, UF 55 3%
FERh BRI RS o WL (AceA) SR 0L, 3
IR T A5 E. coli 1] AccA BAF 76% [FYEYE,
2.2 EHEA Ag-accA RS KB E K12 B 3E T = 4
A

22,1 IEEEAR NaCljREMEFEDME
KAE IR« THEHE K12/pUC18- Aa-accA 5% 40 K12/
pUCI8 7F NaCl ¥k JE h 0% ,2% ,4% ,6% (W/V) [f
LB 123 5l 55 7212 h J5 W 58 OD g {8, 45 R W B 2-A
Jr s, A8 AN R #h e B2 1 LB &% J% kb, BBk K12/
pUCI18- Aa-accA Fl K12/pUC18 [¥) 4= K bl £h ¥k & A%
AT AR TR A AL, Horh AE 2% (W/V) NaCl ik
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Figure 2. The growth of K12/pUC18 and K12/pUC18-Aa-accA under
different salt concentrations. A the final ODgy of K12/pUC18 and
K12/pUC18-Aa-accA after 12h incubation under different NaCl
concentrations; B ; the ratio of the final 0D, of K12/pUC18-Aa-accA

to the one of K12/pUC18 under different NaCl concentrations.
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JEE I T K AR HE 4% ,6% (W/V) NaCl 3K JE F W
P Bt 22 0 TR TR A & AN IRFE T AR I T
B E KA R R AE 6% (W/V) NaCl 3K JE, T
FEBE ODgoo (5N FEME FE AT &, AR KR (0D o0 1H
h 1. 44) T AL TR BB (0D, {54 0.55) . & 2-B
WRAEATH NaCl ¥Rk B N LR 5 % I 41 0D, 1) L
B, AT LUE H BEAE NaCl 9y B ) 19 b0 TR B 1 A2 A
AL MY 7 6% (W/V) NaClR T, TR 2
X HCTR ) 2.6 £,

2.2.2 TiEEAEASE pHMEFREPHEKIFR:
e 7 LR K12/pUC18- Aa-accA 55 4 K12/
pUCI8 7 pH % 8.0,8.5,9.0,9.5 FE 12 hJ5 (1
OD g 18 , &5 R UKl 3-A JroR, fEAE pH {H /) LB $5
FH A F kK K12/pUCI8- Aa-accA F1 K12/pUCI18 [
A KB pH AR Ak 1T % R FAAR AL, 7E pH hy 8.0 Fi
8.5 I K A HBAR bf , A ZE A KT A pH 24 9.0 1,
AR KRS TF U6 W 2 X 20, X BB 1 0D 1H M

N k12/pUC18 ] k12/pUC18-Aa-accA
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By o6 S
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Figure 3. The growth of K12/pUC18 and K12/pUC18-Aa-accA under
different pH values. A: the final 0Dy, of K12/pUCI18 and K12/

pUC18-Aa-accA after 12h incubation under different pH; B: ratio of
the final ODg,, of K12/pUC18-Aa-accA to the one of K12/pUC18

under different pH.

pH 8.5 Iy 1. 12 R B 5] 0. 26, 1y T 8% 1 2E KR A&
WAR B U, ODg, 155 pH8.5 W A Lk, H R B¢ 2
0.89, % pH 13k 0.5 I, f J 1 H A A K i T
BRI 0D, 0545 037, 4 3-B 1Al phH
AR TRE S A 0Dy 1 LAl , v LLE L B
pH R84 I TR B A AR AP # S Wl 2, 78 pHY. 0,
TREWE OD oo {H 2 3T B 3.5 i, £ pHO. 5, T/
B OD o B XS TR 5.9 £
2.3 HAKHMENE

AT AN ECH X L Aa-aceA FER ) E. coli
K12 TR B A e N 2% 50K PR B A BT 7 50 B A 358 1
A B, AT E T P 14 hN AR KA AL

WK 4 Pros /£ NaCLIKR Dl 6% (W/V) () LB
i, 55 pUCL8 JIU KL E. coli K12 Xf JRU B AH HL
&4 Aa-accA 1 E. coli K12/pUC18- Aa-accA #£14 h
WA R R B T W] W LA, & 0D ik
7138,k A AT 038, Rl AR 4 -6 /)
N 3 N R) B, P9 2H AR E N B TR B K, TR
B AE B /NI A OD g 3 H M 0. 26 3 (K 5] 0. 92,38
W TR, 510 - 14 NI R IR C 4
b TR E W, i AR T K12/pUC18- Aa-accA ik
L5 L S K

—=—k12/pUCI8 —e—KkI12/pUCI18-Aa-accA

14 r
1.2
1.0
08
0.6
0.4

Cell density(OD,,)

02F

0.0

t’h

& 4. K12/pUC18 #1 K12/pUC18-Aa-accA BHRTERH 6%

(W/V) NaCl #7 LB f g4 < i 4%
Figure 4. Growth curves of K12/pUC18 and K12/pUC18-Aa-accA in LB
containing 6% (W/V) NaCl.

TERE I B F2 e i A K i e a8 5 o, 75 pH
H9 ) LB, 552 pUCIS UKL E. coli K12 %}
WM LG, & 1 Aa-accA ) E. coli K12/pUC18- Aa-
accA 7E14 hN AR K R R IL T 9] 2 i 9,
4 0D, 53 T 1.20, 1% 41 4 0.26, 7EHi4 h
W AR A 22 A K, B4 hIF i, R T AR K
PRI BH, 12 W TRE .
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5. K12/pUC18 #1 K12/pUC18-Aa-accA & ¥ #& pH9 HJ
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Figure 5. Growth curves of K12/pUC18 and K12/pUC18-Aa-accA in LB

whose pH value is 9.

2.4 EE Aa-accA 125 X E K12 AaccA 5§
TR B T &5 A8 M SR 38

N Tk — B %8 Aa-accA FE T 8 0% D)
e, AVH L L K AL E. coli K12AaccA K AR, JF
W2 T AN B TR B AE SR 35 R B AR DL

Bl 6 JT 7 A2 BF 2 B OE. coli K12, ik [ 1A K12
AaccA | Xf 18 K12AaccA/ pUCI8 K T
K12AaccA/ pUC18-Aa-accA 1 6% (W/V) NaCl
LB th B 12k 5 1 0Dy, . f 6% (W/V)
NaCl () #h R85 v, b5 B 742 81 AH EL, B Be A4 B 0k AN e
WOIE W ALK, &5 H Aa-accA F KB K12AaceA T4

PR 08 JRCZE AR B TR R BE O A7 K 3R i, OD g 18
IBENT 0.50, 5 E. coli K12 B LRV MRAN Z2 A K
087

<
=

Cell denSity(ODmu)
<
e,

02
0.0 1 L 1
K12 K12AaceA/pUC18
Kl12AaceA K12AaceA/pAUI18-Aa-accA

Strains

B 6. ZEHEG6% (W/V) NaCl #y LB h g4 K150
Figure 6. The growth of different strains in LB containing 6% (W/V)
NaCl.

Kl 7 B os & B A B OE. coli K12 Bk [ 44 K12

AaccA | X I8 K12AaccA/ pUCIS & T &
K12AaccA/ pUCI18-Aa-accA #F pH9 H] LB A £% #
12 hJG i ODgo H o #£ pH 9 B3R 55, 55 B R
WA EE R B AR R PR A B8 0 IR W R K TS A Aa-
accA FEPR ) K12 AaccA T Bk 5 508 2 AH LG, T 0 18
THPTRE , OD o ([ H K 5] 0.2,

0.6 =
o 04
S
=
g
= 02
v
o

0.0 T T T

K12 K12Aaced/pUCI8
K12AaceA K12AaccAlpAU18-Ag-accA

Strains

E7. EEKEPH B9 B LB RAERIFR
Figure 7. The growth of different strains in LB with pH9.

2.5 Aa-accA ERRSHEE BY-2 BIZ WA 265
T BE 36 IE

HY AR A B MR AL R A A AL B S AR
Wil 8 o, A AR mAd BE G I0 BY AR BY -2 4N L, fE
B FDA Beta ({4l /> 1 & 41 Aa-aceA FE R IR B 1
10 FR G0 0, 28 [R) R 1R R B v Ak B S , LA 05 40 i Lk
Bl TR AR X 45 R W], Aa-accA FEPRIAH A
A H v 40 A I ER B 1 3 B L 75 R A A B b TR %
e

3 it

CWRAG A S Ak IR 107 2 A R 1 BRI, A7 75
RN IS R K7/ FE B NN S R it 7/l R
filf 2 2 5 R I, accA R 4 5 3 op R
B (CT)a WA LN, 4 5 CT 55— B W I
J& aceD KEH . TEREWI Y, aceD 2 5L K A7 AE T
Ghph

F T TR SRR (1 R DR, B AT 2 R K aceA
RV e B DR 3 2 0k 11 7 3XOR B8 i G 7 IR A 1 i
un Davis 45K 1% 4 A0 FE 1 g 5 2% DR e o ) DA T7
HIRST R — 8k b5 A T T R, 4
RER, B AW ERIE RN T ACC [#F
P IECEBEE M N A R Lk CoA K18 b Tt A
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Bright field FDA

Transgenetic BY-2 cells

Untreated

pH7
0.5mol/L NaCl

pH9.5
Na,CO,/NaHCO,

Bright field FDA

E 8. & Aa-accA EFE B BY-2 ARFEFEE BY-2 HMERNBARLER FDA a5 R

Figure 8. Viability test of BY-2 cells using a FDA fluorescence probe. Wild-type and transgenic cells were either untreated or treated with 500 mmol/L

NaCl at pH 7.0 or 50 mmol/L pH 9.5 Na, CO;-NaHCO, buffer for 2 h and then stained with FDA prior to examination under a fluorescence microscope.

INJ 38 7E ik 6 P8 A 7 2 0 TR WU E T P T D TR 1) 5 K
B %A AE T G T RR I A R T 6 5
Meng 45 ¥ &4 B & A~ 3) #F ( Acinetobacter
calcoaceticus) "' ACC ] 4 A~ 7. F5& 2 1 3 [X] o [ 1) K
JU AT B e L Tk A T R R IR DT TR R LG BB AR T
w7 5.6 5", Lee %54 il 4 5 %
( Pseudomons aeruginosa) ff] accA Rl fabD I Ak I 55 Bk
& ( Strepiococcus pyogenes) [P fifi le Mg 5t 5 & B2, 7F P.
aeruginosa Fll E. coli " 3 3R 15 | B 41 W K 85 5 W7 1
(Cl6 - CI18) AR I A MM K 7 1.3 - 1.7
L

T R A R U 7 5 BT, el T o0 A A A% i S
RASTR) A, SR Y s DA T g 9 A G 26 0k DX 7 H A
A o [ N A A 2 i Tl AT T P 1 5 R A AR AR
KEIHESE . Madoka 25 i & K 1K aceD J5 K, A
R ACCase [ 7K1 S AR -1 v I U7 1R 1) 25 4
o Tt ] R g A ) AV B 2 BRI, HOOAE A
MR EEAE A N s 2 IRk
XA A ACC i A Ah 1~ 25 il 2 b A AR
[ aceD JE K AR SR JIE DR A 1 1

H A7, 76 40 B 6 R KL accA 3 R AT [H) 4 4
aceD FEPI AL SCBE AR T, Fr DL S A7 0] 12 Ak DT 1)
v [ 2 TA R i) A W T R R IR aceA R TG
XF accA K& DR B3 IR 05 R G R LA A 1) T s P g T
FHOCHEFL . Wang 55 % 1% JE K ) ok U5 3 24T T 8 E
AL o A 45 2] T K& pH M B Na ™ 45O
2 accA JE R G i 1R B A P AN S
pH X 55 Na* MG i 2 8,

TG R A B, FRATTHE W 2% 2k D AT fig 5 i 2
REAH G, Hist, AT T aceAd HE DA H HE 20 25044,
K HBE N KW A B b 238, 78 A 8] 1) 55 A 558 v )
TFHAEK, 4R EREH Aa-accA A TR E. coli
K12 AT B A2 B AR AN 5] £ e B2 B AN [ B % pHL T
LB R T B A K AR 5 & 7E 6% (W/
V)NaCl }2 pH 9.5 ) LB F1 55 3% 12h J5,% 0D, 73
e B AT () 2.6 A5 F0 5.9 % o R HO AR 52 56 3R
I — L WAUE T Aa-accA & DRI i 6 5 1% 2 i, 45
7R DR R R B R AR AR KI2AaceA {E 6% (W/V)
NaCl &% pH 9 1) LB A= KA 3k 59, i & A7 Aa-
accA J K] (1) 5 20 SR ] LA A K12 AaccA 15 [ FF 5%
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A novel gene ( Aa-accA ) encoding acetyl-CoA
carboxyltransferase o-subunit of Alkalimonas amylolytica
N10 enhances salt and alkali tolerance of Escherichia coli
and tobacco BY-2 cells

Mingjie Xian'?, Lei Zhai', Naiqin Zhong', Yiwei Ma’, Yanfen Xue'®, Yanhe
Mal*

"Institute of Microbiology, Chinese Academy of Sciences, Beijing 100101, China
*University of Chinese Academy Sciences, Beijing 100049, China
*School of Life Sciences, University of Sichuan, Chengdu 610065, China

Abstract: [ Objective ] Acetyl-CoA carboxylase (ACC) catalyzes the first step of fatty acid synthesis. In most bacteria,
ACC is composed of four subunits encoded by accA, accB, accC, and accD. Of them, accA encodes acetyl-CoA
carboxyltransferase a-subunit. Our prior work on proteomics of Alkalimonas amylolytica N10 showed that the expression of
the Aa-accA has a remarkable response to salt and alkali stress. This research aimed to find out the Aa-accA gene
contributing to salt and alkali tolerance. [ Methods ] The Aa-accA was amplified by PCR from A. amylolytica N10 and
expressed in E. coli K12 host. The effects of Aa-accA expression on the growth of transgenic strains were examined under
different NaCl concentration and pH conditions. Transgenic tobacco BY-2 cells harboring Aa-accA were also generated via
Agrobacterium-mediated transformation. The viability of BY-2 cells was determined with FDA staining method after salt and
alkali shock. [ Results] The Aa-accA gene product has 318 amino acids and is homologous to the carboxyl transferase
domain of acyl-CoA carboxylases. It showed 76% identity with AccA (acetyl-CoA carboxylase carboxyltransferase subunit
alpha) from E. coli. Compared to the wild-type strains, transgenic E. coli K12 strain containing Aa-accA showed
remarkable growth superiority when grown in increased NaCl concentrations and pH levels. The final cell density of the
transgenic strains was 2. 6 and 3.5 times higher than that of the control type when they were cultivated in LB medium
containing 6% (W/V) NaCl and at pH 9, respectively. Complementary expression of Aa-accA in an accA-depletion E.
coli can recover the tolerance of K12AaccA to salt and alkali stresses to some extent. Similar to the transgenic E. coli,
transgenic tobacco BY-2 cells showed higher percentages of viability compared to the wild BY-2 cells under the salt or
alkali stress condition. [ Conclusion] We found that Aa-accA from A. amylolytica N10 overexpression enhances the
tolerance of both transgenic E. coli and tobacco BY-2 cells to NaCl and alkali stresses.

Keywords: alkaliphiles, Alkalimonas amylolytica N10, Aa-accA gene, salt/alkali stress
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