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TaKaRa ( K3%) A ). Escherichia coli 33k %4 pET-
23a ) H Novagen 2], i 1 H 2 R 52 o
1L.1.2 T EEgF 7 A58 K452 Ol 70 &, W A
OMEGA /A 7). RNAase. 2 A K-DNA %5 [0 e iR
& PCR 7= ) 26 A X 71 & - DNA Marker 3¢ Jig 4 »
WA b TR TR s A R A D)
HindIIl F1 EcoRI. X-Gal. IPTG. pMD19-T i% #% iR 71|
£ Taq DNA 2 & M .pfu DNA R &N T4 & %M,
W B KEEAY) A 7). Tryptones Yeast Extract Z5 i)
HJEE Oxiod 2y w)o fL 42 A7 2 B W A Wk 0 &
Malachite Green Phosphate Assay kits (POMG=25H)
) H Bioassay Systems. Imidazole. & ¥ & & %
(Amp) Ap (L% MR 4%) - TEMED (U FH3& 2 %)
A Sigma 23 W) e P S Y SCXUPA 0 9 7% S SDS
(- “he LR Bh) 1 3 Bio-Rad. [ Marker i H
Fermentas A& . H L2 iE G250 W B+ EH & 24
B AL R A F) o Hofh s ok [ P A al.
1.2 SrfACA S EEFEMEEMEAREHK
B

Fili 55 2F WO AT W fmbj JE K21 DNA () $2 R 2 [
OMEGA K& [Al 20 4 Wt 77 & 1 W 45

R 4h A 2 B AT T 168 B BR 10 sifAC 3L X 41
(GenBank & 3% 5 & 938308) F1 Alan Tanovie 2%
N 4y B SHAC B B IR ik 45 H L R
DNAMAN #¢fF ¥ ot 51 4, BURS 55 28 AT 1 fmbj
LK 41 DNA S B8, 4 1 A5 10 A0 Fe 91 15
WA S5 R R B GRS A 25 H9k b R
—H A LU AR A S5 RSk 58 HE) o LL fmby Kk
PIZH DNA S5 BEAR B 5190 e 40 0 5 51490 L 2B T
TR R A A S . B Fr 5°CCTCTG
ACGTATTGGTTCAAGGAAG3"; R if 54 R: 5°-
TGGGAGCAGCCGTTTATTGACT-3 "

PCR Jz W & & (50 wL) J4:10 x PCR Buffer
5.0 pL, £ F 514 (10 wmol /L) #%2.0 wL, NTP
(2.5 mmol/L) 4.0 pL, JE K 41 DNA 1.0 pL, ddH,0
35.0 pL,pfu AW (5 U/pl) 1.0 pL. PCR X3
By 94°C 748 43 min 30 s,94°C 48 7450 s, 53°C iB
k50 s,72°C 3EH3 min, 3£ 33 MEIF, & )5 72°C 4T
10 min. H(5 pL PCR P=# 4 1.0% 3y fIg H it e
LUK BRAL & B e 0 J5 A I

Wi 3G PCR 7= 9 4 1. 0% B IR B J6E 2 v 9k
Jai s 2 MR B AR TR I Wi A WS Rl R

Yo KUl Tk H MK B Taq Mg A &, 5
pMDI19-T 2 k1% 2 J5 7 AL N DHS oo 38 3 ¥ 1 B
IEIRAFPHVE v B 1, diw 4 A sifACAT, 32 43 i R A=
WA PR v BEAT 82 15 1R 5 400 5E » I % Fe gk 4T
KL 43t o

¥ stfACA-T F1 pET=23a 4y %) J| HindIII A
EcoRT JEAT Wi U) A1 Wl 3%, 3k 13 5 41 3% 18 # 4k pET-
23a-stfAC-A, 4k N\ DH5a 1. @ 3L PCR Flf 1) 46
E AR A BH P v 5 3% P
1.3 srfACA WISMNBERIEFFTIERKX M

W P I B TR TORL 3 A6 N BL21 rh, R HCBE R
154 Amp (100 pg/mL) 0 LB ¥k 55 7 2 o
37°C <180 r/min ¥5 £ 10 h, UL 1% & X 8 Fp T
50 mL LB 595 5 (% Amp) 1,37%C . 180 r/min k%
FER Agyo ik 0.4 =0.6 B, i N IPTG i 2L 28 9 i
#5100 pg/mL. K & 15°C, 150 r/min 3% 5 15 h,
4°C ,10000 x g5 005 min, 5 FE B 44, FH 40 i 284 i 22
M (pH 8.0, 25 mmol/L Tris-HCl, 400 mmol/L
NaCl, 10% glycerol) & J5 Hf 17 # 7 P B %
(400 W, B3 s, 1] K7 s, JL A5 15 min) o 53
) S g S N R Y S = W VT M W
pH 8.0,25 mmol/L Tris-HCI, 400 mmol/L. NaCl =
&) k4T SDS-PAGE 43 1, JF Fl & A = & 1k 4k
pET23a [ H 41 1/ 1E 4 X . SDSPAGE 41} Z
Laemmli UK ™" 4 3& () AT, WA BRI A
5% 5> B IR E ] 10% 5 R JE1. 0 mm.
1.4 5NEZERA SIfACA By Bl

K R T A 1) L 20 A R P B O R A
VRN A A R . A R P b N i &
500 mmol /L{¥ WK M, fif DK 14 269k & 5 5 mmol /L, A
MTHEAEASWIRS G-

#10 mL B35 B A T2 mL#) Ni-NTA g
o J2 M M T de 45 & 28 vb Wl (pH 8.0,
25 mmol/L Tris-HCI, 400 mmol/L NaCl, 20 mmol/L
WK I) 7 i 10 AN B AR B B AR E 8 1 mL/mins
EAEJE 10 AN R AR B S S 9 Tk 2 R W B Y
Zet A, 5 fE AR B A 100 mmol/L (pH
8.0, 25 mmol/L Tris-HCI, 400 mmol/L NaCl,
100 mmol /LK Me) 10k M 1) 55 B 22 b i Uk 25 22 B o
FEHT 10 5% A 4K BUE 47250 mmol /LK M 1) I it 2%
MORE TS H B B 2 & A 500 mmol /LK M
U I 2 Ve B AR B E .
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1.5 ZFHEH SIFACA BFEMENE

¥ C el IF A 05 4L & A R Aok
JE T M43 FLE280 nm &b (1 W AE o K B K T A3 R
T x N 2% v (pH 7.5,50 mmol /L Tris-HCI,
100 mmol /L NaCl, 10 mmol/L MgCl,) i 3 4% A, #
[l J5 » BC15 mLE T pall #8208 L A 1 x X
IS 2 AR S 3% AT R 2 e v ) JE A 5 4500 X g 125 0 &
AT K1k (5 mL) , £ T Ewifk. T
PR3 UGB RBEN RS G EAHE AS mL.
SrfAC-A &5 K35k (1) % 7 72 2 I Thomas J. McQuade
s N 7 ik

B. amyloliquefaciens NAU B9601-YZ  PLTDWFKEAVNVNPDAPALTY SGQILSY
B subtilisfimbi PLTYWEKREAVNVNPDAPALTY

2GR

2.1 BEMEEMTEREAREIHRMEE
DUAE B0 27 B A 18 fmbj JE DI ZH DNA Dy B AR, F A
R 514, 3647 PCR J N, 7 19 43 $]1473 bp ) DNA
Jr B 5P E RARSE . PCR 97 19 7 Be i 7 7130 €
BRI, 2P S8 A iR 10 S R0 45
K3, G g 491 DR EE IR . AN WL E A 0 T
HE455 kDa ki A7, T8I 55 LAl SfAC-A 45 #y 3 A
2 Jy 5 eoxk (1) S R BLARBEFAS B 1 & Ay 51 5
Ve K 4 AT B (Bacillus amyloliquefaciems) (NCBI

EEANRLARRLOKQGAGKGSYVALYTERS
EBANRLARRLOKQGAGKGSVVALYTERS

B, subtilis 168 PLT?WFKBAVNAI’IPDAPALTTSGQ SYRELDEEANRI ARRLGKHGAGKGSVVALYTERS

Ak Bk
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B. subfilis 168
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B subfilisfmb;
B. subfilis 168

E. amploliguefaciens NAU B9601.Y2
B, subtitisfmbj
B. subtilis 163

ik o dedekkadok |

PELPEDRESTELADSAAACLLTHQERREKAAQLPYTGTT
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B. amploliquefaciensNAU BR601-YZ  TALFNLLTDAGEEWLKGLRCVLFGGERASVPHVREAL EIEGPGKL INCYGPTEGIFVFATA
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FAEFF + Ak
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ok
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¥ Ak EEE

FIl b 3

Figure 1. Amino sequence comparison of SIfAC-A domain from B. subtilis 168, Bacillus amyloliquefaciens NAU B9601-Y2 and B. subtilis fmbj.

The sequences inside the boxes are the core sequences.



440

Lixia Liu et al. /Acta Microbiologica Sinica (2013) 53 (5)

Reference Sequence: YP_005419646. 1) sE% 2 &
A, ML % B 99% , 1 5 R BT A M AT B 168
(NCBI Reference Sequence: NP_388233.2) f] [A] Yk
PEHA 94% o 2 = A 4k N I 0 e 4
e P B0 G R] DA R DR TR) ) 22 S VR T A
[ Aol T K 2 M) ) E AL 22 5
1o 3 4 (1) B 3R 0K TR pET23a-sfACA, &
EcoRT M1 HindTIT XU V) J5 » 1% B G K Bt I HL UK K
M, gs R R (B 2) 2 4 DNA 4af, — 4 5 JiUkL
pET23a A1X 73 7 B & AH AT 20 793600 bp, 75 — 45
PCR =W AR XS 43 1 ot & — 50, 9 41500 bp, H DNA
Wrp 45 R Y5 stfACAT — 3, UE B 41 % 35 ik
pET23a-srfAC-A T & A2
bp

10000—

4000—
3000—

2000—

1000—

B2 EHERNBWEILEE
Figure 2. Identification of recombinant plasmid by double
restriction enzymes digestion. Lane 1, the digestion result of

pET23a¥srfAC-A. M, marker.

2.2 ERAEEMBESRERFEESH

B2 R I AR pET23a (4} f) FIl pET23a—srfAC-

A JB i CaCl, ik 4k N E. coli BL21 (DE3) )5,
IR 15°C %% 5 15 h,4°C, 10000 x g .0 5 min, Y4k

TR AR S P R 8 0 S 23 ) B3 R RE AT SDS—

PAGE 73 #t. 5xf ML A w43, H 41 K8 Bipk R ik
HTHMEA, L7874 55 kDa A2 47, 5 T 45
RAAFRE, H AN E K 2 A7 A6 T 40 M0 R b 7 W
(B 3, 9Kk3E 1 -3 23500k 15°CAR M 5 5 3R 1A 5 1)
AT AR A B S B RDTEE . 4 ) pET23a 7 4
PR IX R TR 5 Ui IG5 5 0K B T R U IR -
2.3 RIEFYHS K

% | ik SDSPAGE 4} #7, & B pET23a-srfACA
20 FORLAE R AR v ] DASEIR nf i Rk . BIE W
BEAT Ni-NTA 3¢ F1 A 246 B8] e 7E 100 mmol /L |
250 mmol /L {1y K P 94 J52 6 & 1 W] LA 3 L vk 26 H
M A (E 4, vk 1 -3 (hmkme ot ik g N

target

protein 50kDa

& 3. E. coli BL21(DE3) / pET23a-srfACA Ri&=Y)
BRI TE AT

Figure 3. Solubility analysis of E. coli BL21 (DE3) / pET23a-
stfAC-A expression products. Lane 1, the whole cells of E. coli
BL21 (DE3) with pET23a-stfAC-A from induced expression, lane 2
-3, the supernatant and precipitate of disrupted cells, lane 4, the
control (the whole cells of E. coli BL21 (DE3) with pET23a from
induced expression ). Marker, from top to bottom, 250, 150,
100, 70, 50, 40, 30, 20, 15, 10, 5 kDa.

Target

: e # it * St A Gl M e s
protein 4 -

i ik @

E 4. EFEHMF SrfACA B SDSPAGE [E

Figure 4. SDS-PAGE of recombinant protein SrfAC-A after
affinity chromatography. The concentrations of imidazole in
eluent are as follows, lane 1 —3, 150 mmol/L, lane 4 -7,
200 mmol/L, lane 8, 250 mmol/L. M, from top to bottom,
116.0, 66.2, 45, 35, 25 kDa.

150 mmol/L,4 —7 4200 mmol/L,8 25250 mmol/L-
2.4 HHEIER SIfACA BIFEMNE

R HE Thomas J. McQuade %8P [ )5 32 9 5
SrEAC-A [ 15 /5 H T2 Wl 1 25 2 B TR S Y S Ay
FEOS T IR 10 P it 2 Rk 2 e 7 i R /DN s DUOANS I
BEMR Oy xf M. ANIELS WP BUE Y, i & — e
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REA T ATP A 5 R RE HARIRES F &
O3 W A0 WOEE BRI < o 45 0 2 P AR 3 A E AR
1 I 0 TEALER (IR Tle 3 46 35 1 5 7 % L Leu
TR S (65 0 AR 5 00 2 A A
B Lieu HUA7 e /AN 10 3 8 37 o 1 0 G Al 2 2

PR FEATC ik -
(A) 0.800
@ Asp H Leu A control $=0.010x+0.422
0.700 R*=0.971
0.600 »=0.004x+0.368
=
0500 R*=0.939
< 0400
1=0.002x+0.259
0.300 R*=0.880
0.200
0.100 +
0.000 L L !
10 20 30
t/min
(B) 1.400 &Glu mval Alle »=0.027x+0.621
R?=0.994
1.200
=0.006x+0.512
1.000 L R?=0.921
0800
¥=0.006x+0.467
new M R?=0.904
0400 -
0.200 L
0.000 L L |
10 20 30
t/min

5. SrfAC-A %53 iE M E

Figure 5. Detection of enzyme activity of SrffAC-A. The curve
slope is correlated to enzyme activity. (A) The curve slope of
non-specific amino acid is almost the same as the control. (B)

The curve slope of Tle is much higher than other amino acids.

3 A

AR SC NS B 5 PR AT (R Al 5 ZF AT A fmbj 5
2 T REAT 10 DL A SIAC-A & #y 3
stfACA, L 9 4 1) 22k 1R 1y 47 55 M8t i o 0% M A
NAU B9601-Y2 (R AHALEE Ay 99% » L Al 5 2 i AT
168 (A AL 94% o HLAR L [N Fr 51 2 8] A7
oy 22 5% ABH TG P B AR B Rl LUK, b =3

A GERIEAN A0 P ) i Bl B sifACA 53R
IE UKL pET23a R AT B U) ME 3, 5 8] 7w 1 7K
JWr M TR 23k FR 48 (1) B 20 3K JTURE pET 23 a-srfACA,
I 4E Escherichia coli BL21 (DE3) #H47 Fi#% £ik. A
R 2 8 3 P i) His A 286 B AT 20 B ali4k, Wl e
TEAE A SHAC-A G R 5 i 1 Uk 52 Ik T 4 i
X Tle A7 38 4635 14 » 1 xof e At 2 55 R K5 AS o i 17k

SCHRR T SIfACA T %64 LeuIle fil Val™ >,
R RAT — € % 5o AT REIY B DRI AT P R, —
AT E Bk 2 T ZE S R R R B R RE R
surfactin [F) B8 &k, I #E BE & 1% 2 Bl surfactin [7] &) ;
TR € TR R A, SRR A R

JIE K G Bl 1 DR B R B 2% 5 Wi 1 U E L
BN AE o Al 58 1 52 45 B S MR D 5E U7 728 ATP-PPi iR
B 0 AL DR B T O G B WO A A A
MG = ] o Thomas J. McQuade %‘%]\m} pol
We 7 AT T s B IE T R AN 5 T8O TC 3R K
W SE J7 9 ARWEFAEE A 1 K surfactin & BRI
stfACA S5 fy 0% MR REAT T 00 52, XF T stfACA 73
I > TSR O R ) R R AT AR )
surfactin [ 2 JE B2 41 Ji > 3R 498 1) surfactin SR
HEEZ L.
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Activity of the SrfAC-A domain from Bacillus subtilis fmbj

Lixia Liu, Zhaoxin Lu, Fengxia Lv, Chong Zhang, Xiaomei Bie
College of Food Science and Technology, Nanjing Agricultural University, Nanjing 210095, China

Abstract: [Objective] We studied the A domain of surfactin synthase in wvifro to obtain new surfactin analogues.
[Methods] We cloned the srfACA gene from Bacillus subtilis fmbj by PCR, and constructed a recombinant expression
vector named pET23a-srfAC-A. Furthermore, the SffAC-A domain was expressed in E. coli BL21 (DE3) and purified by
Ni-NTA agarose column. Then the activity of stfAC-A domain was detected. [Results] The srfAC-A domain had specificity
towards Ile, but almost no activity to other amino acids. [Conclusion] The independent A domain from surfactin synthase
had selectivity to specific amino acids in vitro.

Keywords: Surfactin synthase, A domain, Cloning and expression, Activity analysis
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