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CERBSA T RBERE CAEXPTETEARE AU LES
M B o
VEHLAL, SR IBUE R, T A 47 b

LR MERB L ZE5HARER TSRS, T A ARBEHE MRS ILIR T 214122

BE [HK Y MRS A ST (Acinetobacter calcoaceticus) ATCC17902 i ig l#§ C (Phospholipase C, PLC)
14) S 2K 1 FF VAT TR A 2 Ak T 4 O EAT B A M A AT L K7k Y BL AL calcoaceticus ATCC17902 3[R 41
DNA Jy#E4, PCR 47 3845 2 9 Bk gl C 25 P (PLC1PLC2) , ¥y 2 5 20 K W FF 18 26 32 Jo0k: I %% 46 K % A
BL21 (DE3) v, sz Bl PLC1.PLC2 JEH (K IL. IPTC S RE G, W EMENTdifh EmEAE D [455]
FSC DIy AL 3 9 7 19 IR Wl C 1) T AL K AT T O 24k, A 42 SDSPAGE 73 #1780 kDa Fff 3 35 H B W 25 11 4
P2k . NPPC 3l 4% PLC1PLC2 g% 73 7 4 31160 £418 U/mg.13640 =354 U/mg, 5l S N B 73 5l b
65.50°C , Fidi pH {73 5 4 8.7. 5. 7EAK T 30°C Ik, pH {4 7 - 8 I, PLC1PLC2 i 41 Jilf % £ 5 , 40°C 4b #1 30
min, PLC1 i % F 52 1] PLC2 R R EEIEAC T 25% - Mg™* .Ca’ " #4588 PLC1.PLC2 [{3% 1, Zn® " 4958 PLC1 Ji 3%
PEHIH ] PLC2 WG R4S 5 1 4 BT R W] PLC1 . PLC2 ¥ /K fi# % AR It L EE (Phosphatidylinositol, PI) , X} A
TS 1 G AN BB /K K R B AR AR K458 ] AT IRSEIL T A, calcoaceticus ATCC17902 3k Y5 1) % i3 B C
M) 3R 20 Ak B Dl e 56 E » O B 2 A PR AR W R U K B T I8 C IO SR B T B R

KBEIR : SRS A BRI C, 4lifh, A RIA

RE S ES Q936 X E = :0001-6209 (2014) 101422107

BENEAG C (Phospholipase C, PLC) & E T8 ™. PCPLC(E. C.3. 1.4.3) 2 i I K fi# PC fr)—

C3 A0 5o 7Kgt B A s e 1 R 08 T B T £ — ol
IR I o R K AR TR A 1) R S A A R YR Y PLC
A LUy O 1 T UL B Ak S 4 W T W C (PT-PLC) % 1k
JIF B9t AL 6 i 22 A 8% I g C (PCPLC) o JLrh PI-PLC
"R S 1 ) 7K AR W A T JUL A 2 R ol — R R LA (1
4,5) ZWERR, 5 1E S B 7 AR & AR R A AR

KT, th T LA K A% G b S B 0 R I 2 1
MG Wk 22 S R 2%, PCPLC &) ZA27E Tl h it —
Fighg s ¢ . i T PCPLC [@ 34 PLCs H A &
JEE () &5 K60 R4 A0 ARABL A 400 1 R VG 1) B M i C e
FTBE 2. 1 B, B0 PLC BFST IR & Tl &
JE& () 5 5K 5 PLC R I {1 © 40 38 W A 24 5t F 90 38 1

EEE :[H %K “863 i1 %7 (2011AA100905) ; BUH 8 “ Bt 00 F5 A A L He k%17 (NCETA 1-0665) 5 V1 g K 2% £ 7 B 2% 5 35 R [ 5 1 sk

I3 [ R &R ¥ iR (SKLF-ZZA-201201)
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2 310 IR O~ I T R W s s A Y .
A PLC AE 5 — Mol (£ 5 s n 710 35 25 #E 3
PLC [¥1)" 7z N I FOAJE 5T .

PR PLC SRR 2, BG40 0 L S0 H . H Rl
CL 4 18 40 1 1 PLC = Sk Y 9 s v A A= 4 » )
AR IR PLC A 2h B0 PR 1 1) 40 Bk Bk 22, n
WA 2 RLRT T ) A P PR SR IR R 2 AT
B 5 PLCY Y o UMk YR PLC R
Kh S i B A ORI PLC 22 4 MR AF, B 2
FJEARAS K e 5 Mg T) B 7 o Tl 1 S R 3 B 2T 7 9
(R o o IR I O gk 2 4 P B PLC AR S
oA RO B AR . A
ATCC17902 1 2 4F SO B> 4% 2 4L 7 2 56 B
KT 3L PLC 1 B 90 BF WL IR B, A BF 5T DL A
calcoaceticus VE Kyt R R B » 75 K i b B 3298 JF 4l
& PLC1PLC2 , 5712 8 fi 3 M 4K 2% 111 2 I 0 oy S
PE, A PLC [AF 97 29 5 FE il

calcoaceticus

1 MRS A

L1 ##
1.1.1 FHFER: 2B AT H (Acinetobacter
calcoaceticus) ATCC17902, W [H H [ 3% i 13 2E #y B A
{5 o0y, pET28a ( + ) « K I #F % JM109. BL21
(DE3) A 5256 % A 58, pMD18~t simple JiJ H TaKaRa
AR
1.1.2 1 3F & LB 1 % K yeast extract 1%,
trypepton 0. 5% ,NaCl 1% -
1.1.3  EZRF:REIE N DB W H Fermentas;
T4 DNA Ligase, Extaq DNA polymerase Il H & 4 %)
TR (RIE) 43 BR 2> 7 ; DNA P i 4l 46k 77 2 . B 7Y
JTUREL /N e PR T A IR AR & R R [l W A e
BB R R s B Y R BOR A IR 5TAE & W] S TPTG
AN HHER R EHERWA LBEY T ERARA
R~ #@; pNPPC. Lo J& Bt Wl B
(Phosphatidy]inositol, PI) Iy H Sigma 72y 7] ; L-o—#
Jig Wk 2 % 12 (Phosphatidylserine, PS) < Lo~ JIg %k 1
M ( Phosphatidylglycerol, PG ). # ® J§
(Sphingomyelin, SM) Wt H Avanti 2 7] ; 3L At i 71 3
o [ = o3 A 2
1.2 {REEEH DNA A2 E
HART5 % 0% 2% ek 10 ]

1.3 #HEEs C RERIRE

A5 LL NCBI B3R 18 19 A. calcoaceticus PHEA 2
ff) PLCN (BDGL_001526) \NPLC (BDGL_002961)
R ¥ T PCR 5|4 FPLC-Sac I/RPLCXho I, F %I
MBI (R 1) .

*1. 519

Table 1. Primers

primer Sequence (5°—3")
CGGAGCTCTTGATCATGATTACACGTCGTAAATT
CCGCTCGAGGATCATTGCAGGATCACTAAAGGAG
CGGGATCCATGCATCGTCGCGAATTTCTTTTAAAT
CGGCTCGAGAGACTCTAAATAACCCATATATGGA

primers

F-PLCI-Sac 1
R-PLC1-Xho I
FPLC2-Sac 1
R-PLC2-Xho 1

PL A. calcoaceticus ATCC17902 £ % [X 41 DNA 4
R, L FPLC-Sac 1/R-PLC-Xho 1 Jy 5] ¥ % il PCR
4. PCR 4144k & % : ANTPS 4 pL, 10 x ExBuffer
Spl, ERWSI & 1 pl, Bik 0.5 pl, KK
ddH,0 39 wL,ExTaq 0.5 pL. PCR 9" 384 4 11 4 :
94°C 5 min,94°C 30 s,55°C 1 min,72°C 150 s,30 4
TG 72°C 1 A 10 mino 3505 4 Bk S 8 UK 20 A
PCR 25 B4, )i [0l We H 4 /5, H T4 DNA
polymerase 3% £, #fi A pMDI8-T simple {4 % 1k K
JY FF R IM109 5 i 3 BH % 5% A 538 i AR T -
1.4 FHABITENWE

B2t Sac 1-Xho 1 2 1Ak i) 3 & pET28a ( +) Al
28 Sac 1-Xho T4 EE PR v BOA] DNA -y Btk 2
AR R S gl Al 5, Fe RO R B 10 10 1 B N
10 pLE AR, T 16CH FMEFLH. kK H
42°C #hiti 90 s J5 A K AF 1A IM109 J& 32 245 41 i
37CHRE 1 h 53840 30 pg/mL K85 4B itk
PG 37TC R SR 10 he $& MR Sac 1-Xho 1 XK
IL AT
1.5 EHABHENSFTSRERERE

POICBH P e Ak 5 B K, B AT 20 pl 1) LB
(% 30 pg/mL B8 %) WAk 85 97 B 37°C.
200 r/minid & 5 7%, I H 4% 2% 16 2 M B AR T
50 mL LB $ifhE a5 75 7, 37°C 200 r/min £ 7
% 0D % 0.4 -0.6 B, ¥ N IPTG & 2K 5
0.4 mmol /1,25 200 r/min % 5% ik 6 h. S 45
WG 13800 x g 500 2 min WA 1R 44, SF- 17 28 1 i v
YRR 2 UG JF R 22 il B AR OD &2 6,
VR B 5 R JS A5 A BRI S i 2% b TR R
e pivE CRLAR) » T a K. 10% 1) 5 i A
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N3 TR B HL UK B R T 25 B e B R250 B, 4
EEMAEHKIL.
1.6 #AsEE CE A MM E

KA pNPPC k" o S R 4 B 1 41 B 0. 25
mol /L Tris-HCl (pH 7.2) 2 M ¥, 60% 1l ZL g (W /
V) ;10 mmol/L p-NPPC,0.5 wg/mL [ ,200 pL [
T 37 °C [N 30 mine g ) B T s AE
pH 7.2,37°C N, 4543 # /K fi# p-NPPC £ B 1 mmol/L
X i i R Iy o S 1 Wl ROl 1 AR R D SR (U) .
1.7 #iEE C RMBREDT

K H WL 2 B, 2 S VAR Z 40 25 mmol/
L Tris-HCI (pH 7.2) 28 i, 250 pg/mL % fi§ (£
0.3 mmol/L) ,20 U ff # (W% i NPPC 5 I 4%)
200 pL f) 2 NEHCT 37°C L T AN BN I ] )
S IO T mL S R (20 1) W A,
13800 x g .0 10 min, HL 300 wL &2 K AH W 52 wf
VB
1.8 #BEEs C B4k

K FALK o AT R 4R T LB R R R R, 44
ERTFEHSRIE R EOWCR R AR, 4S9
PRS0 I ) 4 45 92 b 0 8k A4
YR AE T A R T T B SR N AT, O U
YL JT] NPPC 75 Rl SDS-PAGE 43 #. b4 i 1l 56
5 CV Vi 9 ph iV i 55 FAE ARG LA 10 CV 4555
SRRV 24 B 1, T LA 10 CV 2 6 22 vh ik ok i
HE . WM 22 W 25 mmol/L Tris-HCl ( pH
8.0),0.5 mol/L NaCl; &5 & 22 P ¥ : 25 mmol/L Tris—
HCI(pH 8.0) ,0.5 mol/L NaCl, 10 mmol /L B M ; fi#
Hr 2% 99 W : 25 mmol /L Tris-HC1(pH 8.0) ,0.5 mol/L
NaCl,200 mmol /L Ik me

2 IR MI

2.1 #EMCEEEXBTEFHNEARIE
21,1 #EM C EEAMTERS A A
calcoaceticus PLC1.PLC2 [f] PCR F=4y i ¢ 45 H &,
PLC1 5 BDGL_001526 % 3L AHLE 4 90. 21% , 35
J7 B AL 96. 53% ; PLC2 5 BDGL_002961 fif At
A A AL E N 92.13% , & (1% 5 A L E N
97.23% .

2.1.2 FHFIEFRBIME PRI 4L 14 I
JFOKL, Ji} Sac 1/Xho T XU U] 5 A0E» H ) 5% 517 K7y

Wl 5. 4.2.2 kb, 5 FUYAHAF
2.1.3 EHABAENFSREREHBER C
BRI AWK A T 3R IA T, 5 XS B A L,
AAHMNEH IR A TE B 400 KNS ORI 2 1 & —
H,4 % 80 kDa. SZi it f2 h & B pET28a-A. cal
PLC1-DE3 J [ i F5 rp A K & 10 60 00 4 T2 1 R %
ML E T K B EA A, 1 pET28a-A. cal
PLC2-DE3 7F 25°C <200 r/min 4% fF F 1 i il 4 %
T » 8 A LUK A I AL A AR AR D ANUR R B LT AR 2
PAR] P R N 2R A AE
2.2 EHMIEEMEEMERIOMN
2.2.1 BERNEE®NE: ¥ PLC1.PLC2 4
WA B E T 20.25.30.35.40.45.50.55.60.65.70+
75.80.85.90°C T Sz W I I 5 W v 77 LA AS 1) 5
Wi 3 K 100% TS5 AH ) Bl » 45 LB 1A

F [ 40 47 0] %01, PLC1 PLC2 $5% 38 = 3 36 B 43 5l
) 65.50°C « PLC1 7£ 35 — 70°C J J3 i B R 1 3% £
58 AT VS 70% LA L, 1 PLC2 1) S 3 55 3
b PLCL %%, Jy 45 - 60°C . & T 70°C B, PLCI.
PLC2 il 1) 0 35 1k B A o
2.2.2 miEBpHESSH: 25 H 0.25 mol/L pH
4.0.4.5.5.0.5.5.6.0 [ B MR 7 A5 TR 4l 28 1P i
0.25 mol/L pH 6.5.7 MWl & — A1 R — &4 2%
MW M 0.25 mol/L pH 7.5.8.8.5.9 [] Tris-HCI 2%
TRC RS A S N WG S g O DL ) B K
fEH R 100% T 5 AH XF B » 45 9 WK 1B

1 P& AT 411, PLC1 PLC2 g (1) 5% 3 2 B pH 43 )
1 8.5.7.5. 4 pH K 6 i, PLC1.PLC2 3% 4 5l b
B H 0 4.32% \14.59% , #1k KT 80% o W] 4,
PLC1 #¢ PLC2 B13& & 75w B Pk pH Yo F 4 A% -
2.2.3 PRIBEMS KB B E T 20.25.30,
35.40.45.50.55.60.65.70.75.80.85.90°C &> & ¥+
30 min, 28 5 37°C J I 900 81 4% Wi 3 7 5 I DAR AR i
() 35 3 4 100% v S5 AR X B 35 45 LI 1-Co

Hi P& W] 4, PLC2 #h A8 € 88 PLCL &, /1 40°C F
A3 30 min, PLC2 5% 42 i 3% b 78. 3% » PLC1 {3
21.14% o b ay WL, PLCL ARG 8 T4 22 il T g
PRI N
2.2.4 pH WS40 K80 & T LR AH N
() pH 2% ppi b T 4°C 808 1 50 FF IR A B S ),
pH 7.2 Qb BLF [ [ A 3 ) (100% ) K /N AE Sk Xf
R U1 AR N S 45 R LI 1D
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1By g, PLCT g 46 pHS. 5 -9 A PLC2 i fE
pH 7.5 -8 WHINfSE, = pH {EHAK T 5 W, PLCL,
PLC2 HIXS il 3% J) ) 2 24 45 40% LLF o PLCL £ B
PER SR WS B e, /1 pH H O 9 B BR ARG VS & T
70% o PLC2 F& € pH Ju Bl 4L %, pH AR T 8 I g £
58 Sl 3 AT AT I R A A D B A 58 P9 I A

FERIE .

2.2.5 €EBEFEIFEZMW: 755 % n MgCl, .
ZnCl, . CaCl, \NiCL, CuCl, 25 = #r 4 J& 85 7 5 A&k i
9°0.1.0. 515 mmol /L | x& fg & J7 » I v S AH B (1)
Mg vs o, 2 R WL 2

(B) 1204

= PLCI
- —— PLC2
] Y - "
oo )\ VAN
& ] \
5 80‘ A\
£ \
g 604 ‘\
2] \
2 404 A
£ \,
20 -
1 A a A 5///‘
04 . = n ="
' 5 6 7 8 9
pH
= ] PLCI
100+ —— PLC2 ‘\/‘
80‘ o \\\
s A
QEA‘ | A A \ \.
= \
g 604 //. [P— N
[ 5] 1 7 FY
[
2 404 £ //
= 20 /o
04 o
4 5 6 7 8 9

1. iR pH X} B & 9 %2 19
Figure 1. Effect of temperature and pH on PLCI and PLC2 enzyme activity.

A ,
(A) 120 = PLCI
| ——PLC2
100 A om
] AN
E\f 80 /"Xr h'\‘
= ‘-/f( k“'i \
2 ] P B
S 604 e~ / \‘\ .
=1 / \ o
A - a et \
=] 1 ) A
40
TS 1 "‘A/ "‘\I"‘.
W
20 1 \)
| P
0,
10 20 30 40 S0 60 70 8 90 100
7/C
(© 1201 s PLCI
1 —— PLC2
100 ach-
™~
] u
2 %0 \. A\.\
EX Vo
= Voo
£ 60 v
< | \ A
= \
£ 404 \ \\L_‘
201 “. \
4 a
ol B e |
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7/°C
&z MeCl
(A) -
1201

1004 |
80
60

40+

relative activity/%

201

== CaCl,
= NiCl,
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05 1 5
concentration/(mmol/L)

2
sznct, ® 1205
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80- m CuCl,

1001
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401
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2. £ BB F3 PLC1(A) \PLC2(B) B & B %10
Figure 2. Effect of metal ions on PLC1 (A) and PLC2 (B) enzymes activity.
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t & 2 A %0, Mg®* . Ca®* % PLC1.PLC2 i % 15
P /E . 24 Zn®" W BE A 0.1 mol/L I, PLC1.
PLC2 ¥ A %) i 3% 43 1k 128. 54% 22% , ] W, Zn*"
WML 7 PLCT [ 3% PE 2040 ) PLC2 (1) 3% 1 -
IR BE [ Ni** L Cu®* %t PLC1.PLC2 AR, 1M i K
FERI Ni** . Cu’* % PLC1.PLC2 #1318 &
2.3 EHAPLC RS MHELH

BL PC. PI. PS. PG. SM. NPPC } J& ¥, W 5%
PLC1.PLC2 {0 HF 5 1 » PLC1 . PLC2 J&E W) 5 5 1k
g 2.

% 2. PLC1.PLC2 R4 B 1%
Table 2. Substrate specificity of PLC1 and PLC2

substate PC P1 PS PG SM NPPC
PLC1,PLC2 - + - - - +

Unhydrolysable substrate was marked with minus, and hydrolysable
substrate was marked with plus.

g, PLC1.PLC2 #4ym] /K f# P1, H e PLC2 %) 3
KRG PER K, W 1 h 7K i PL 2k 4. 48 nmol, PLC1
WIS KR P, ) fv. 1 h K i PI 24 0.36 nmol. X
T HAd @ )5, PLC1PLC2 S5 R R I H K fif . 5856 i
F B PLCLPLC2 nJ LA & 2K fik NPPC (1§ ¥% 43 il
331160 +418 U/mg.13640 +354 U/mg) , {H /& A fE
75 90 3P4 BT e vE B i IS B AT AR A R S
B PLC AN ) 85 T 14 2356 7K Sk 30 19 1 A 1k 55 115 [
ISF VRl it 7K B¢ i 2 5 > AU PLC1 W PLC2 W] LK fi# /)
gy 1 W B T T )

2.4 PLC1.PLC2 F3lbbE

PLC1.PLC2 ¥ 2 5L % 7> 41) [R] 9 2% 1R &1 (PLC1.
PLC2 2 JE R /3 41 1) % Bl %5 43 il 5 BDGL_001526+
BDGL_002961) , % Bt )7 51 A AL ¥k 3k 21 56. 4% « P
AN A F T NH, 2K 3 e 41 [5) U5 PR A 5 i N =i
FHACLE S 61% , Cifis [R5 1 47% - PLC1.PLC2 3%
G Pk BTAR AR AR, P9 AN BRI A 6 4 i R AR T
(MW (1) =80.9 kDa, MW, ,, =80.4 kDa) , pI
FBL CpTppcry = 5. 985 plipyey) = 6.28) 5 3 1t R 1 4R
F . i PLC1 £ Signal P ¥l &4 22 NRIER KI5
S 3K AR S5 b 45 8] SDS-PAGE % iiF, pET28a—
A. cal PLC1-DE3 ¥ i v h & A 4 5 oy Wh 8
o 20 H A Ay, JF W 20§ 1 pET28a-A. cal
PLCI-DE3 8 Bl 6 H 1 & F H A 21 i
W AL E AN Sl A7 His-tag JF i Dy HI 55 FH: 4
k.

3 it

ARG FE A T ALK B A. calcoaceticus K
JE TSRS C (PLCLPLC2) 75 K iz kF B v 8 41 % ik
A 53 W 2 VE T F LE#R T PLC1VPLC2 (W8 L 1R )7
Fl o PLC1PLC2 [ 58 3 18 7] U5 11k AR vy » A ) 2 25 12
L F] 56.4% , AH X 4y 1 & fopl B HEH A AT
NPPC il £5 PLC1PLC2 3% 23 % &y 31160 + 418
U/mg+13640 +354 U/mg. M2 Pk 5t 45 B o i ol
IV JEE 43 9] A 65.50°C , Jeadi pH B 43 7 8 8.7. 5,
PLCT 786 Pk ¥ [ py i 35 AR A a2 o Zn’ " 3014 PLC2
P& Ve i PE S PLCL & K% PLC PE B A —#F, i
KU B A M T R 2R AT B Y L EDR 2 7
FTBE Y R S 0 B T RO 2 T RT o
g C,Mg*" . Ca’" {3k PLCI.PLC2 [¥) i 1% . A s
W aE 5 B SRR 18 1 A. calcoaceticus PLC AH ¥
Iy R ZE AR K (25 =35 kDa) , HA S PLCL
PLC2 A EL A7 WAL 5 75 51 31 A bt 3 A7 D0 TE 18 B
Jc T I T B R G T R A R A SR A
By B33, J5 3 A. calcoaceticus 5= NI N 5 4y
G E R

15 PLC2 AH LE, PLC1 X WY 1) H 41 g ¢ ik 3o i o
TE T K& A A, il g2 i T PLCL A5 B 5 5
JUR A A A Ak R OK i A AN fig o8 42 U PLCT
GO TE. PLC2 fE A A BEIREE C, 5 2 AT ik iE
[0 A A P R I C 38 A AR AN TR X R B AR
WAL H AT, BB R B R C AR A
WA 2 RLAT T B St o T T IR 2 R A T AR U
BP0 R I o1 [ P A R SR T ORI B0 41
B wE IR G C BRI B SRR SR IA , XF PLC N H T~ &0 i i
IR i 22 4 N R B AT — 8 B 3 o

2 2% SR

[1] Fukami K, Inanobe S, Kanemaru K, Nakamura Y.
Phospholipase C is a key enzyme regulating intracellular
calcium and modulating the phosphoinositide balance.
Progress in Lipid Research, 2010, 49 (4) : 429-437.

[2] Ramrakhiani L, Chand S.

different

Recent progress on

phospholipases : sources, assay methods,

industrial ~ potential ~ and  pathogenicity. Applied

Biochemistry and Biotechnology, 2011, 164 (7) : 991-
1022.



1226

Yanhong Wang et al. /Acta Microbiologica Sinica (2014) 54 (10)

[3]

(4]

[5]

6]

(7]

8]

(9]

[10]

(1l

[12]

[13]

[14]

Yang B, Zhou R, Yang JG, Wang YH, Wang WF.
Insight into the enzymatic degumming process of soybean
oil. Journal of the American Oil Chemists” Society, 2008,
85(5) : 421-425.

WK T URPEAIM, /B 2R . B IR W R L fr
a7 LD R B JsURL B A BE k. P [ R R
102174488, 2011-9-7.

JEME S, BENSHG C 75 INSH 41 0 b 1 2840 WA {3 At 2
BARTPIOER]. R BERE RS 2% A7 18 30, 2009.
Liu YG, Cao GQ. Application of soybean phospholipid

and its modified products in cosmetics.
Detergents&Cosmetics, 2006, 29 (8): 2830. (in
Chinese)

XUNESC, EOCHE. RS BENR B S 2 A At
(R . H G2 &2, 2006, 29 (8) @ 28-30.

Elleboudy N, Aboulwafa M, Hassouna N. Phospholipases
C from Pseudomonas

aeruginosa and Bacillus cereus

isolates, chromosome-mediated enzymes with roles in
virulence. Turkish Journal of Biology, 2013, 37 (4) :
433-442.

Fach P, Guillou JP. Detection by in vitro amplification of
the alpha - toxin ( phospholipase C) gene from
Clostridium perfringens. Journal of Applied Microbiology,
1993, 74 (1) : 61-66.

Ghannoum MA. Potential role of phospholipases in
virulence and fungal pathogenesis. Clinical Microbiology
Reviews, 2000, 13 (1) : 122-143.

Sambrook J, Russell D. Z) 7L B S IG 5 /. o &% a5 2%
PR b BRI ARAE, 20020 2437,

Kurioka S, Matsuda M. Phospholipase C assay using p—
nitrophenylphosphorylcholine together with sorbitol and its
the metal and detergent

application to  studying

requirement of the enzyme. Analytical Biochemistry,
1976, 75 (1) : 281-289.

Bartlett GR. Phosphorus assay in column chromatography.
Journal of Biological Chemistry, 1959, 234 (3) : 466-
468.

Crevel I, Sally U, Carne A, Katan M. Purification and
from

Zinc-metallophospholipase ~ C
Journal of

Properties  of
Pseudomonas  fluorescens.

Biochemistry, 1994, 224 (3) : 845-852.

European

Little C, Otniss AB. The metal ion dependence of

(15]

[16]

[17]

[18]

[19]

(201

1]

[22]

[23]

phospholipase C from Bacillus cereus. Biochimica et
Biophysica Acta ( BBA) Enzymology, 1975, 391 (2) :
326-333.

Wang CG, Chen MK, Chen T. Improved purification and
some properties of a novel phospholipase C from Bacillus
mycoides strain 970. African Journal of Microbiology
Research, 2010, 4(5) : 396-399.

Tithall RW. Bacterial phospholipases C. Microbiological
Reviews, 1993, 57(2) : 347-366.

Lehmann V.

Production of phospholipase C in

Acinetobacter calcoaceticus. Acta Pathologica
Microbiologica Scandinavica Section B Microbiology and
Immunology, 1971, 79 (6) : 789-793.

Lehmann V. The nature of phospholipase C from
Acinetobacter calcoaceticus: effects on whole red cells and
red cell membranes. Acta Pathologica Microbiologica
Scandinavica Section B Microbiology and Immunology,
1973, 81(4) : 419-426.

Lehmann V. Properties of purified phospholipase C from

Acinetobacter calcoaceticus. Acta Pathologica
Microbiologica Scandinavica Section B Microbiology and
Immunology, 1973, 80 (6) : 827-834.

FAR. BEAREE C T RBRI L, S MR AN

PACHTFE. 2 Bl R 2B 22 {18 30, 2007.

Zhao JX, Zhang L, Gu ZH, Ding ZY, Shi GY.
Expression  of  hemolytic  phospholipase ~ C  from
Pseudomonas  aeruginosa in  Escherichia coli.  Acta
Microbiologica Sinica, 2013, 53 (3): 259268. (in

Chinese)

B, TR, UIE e, AL W 2H K i RT W R AL A S
SR i VA W O B A C. BZE A A% 4R, 2013, 53
(3) : 259-268.

Liu FF, Zhang L, Gu ZH, Ding ZY, Shi GY. Cloning
and heterologous expresse in E. coli of phospholipase C
gene from Bacillus cereus. Food Science, 2013, 34 (11) :
182-187. (in Chinese)

XIFESE, KB, BUEAE, 5. mOR A EBEIR R C
B AL K AP b i 3Rk & Bk 2%, 2013, 34
(11) : 182-187.

ARET. BENREG C v BRI 0 0k K HC I o 1 5 0 B
FU. W A K 24 10 22 18 30, 2010.



M AE : SRS AT B IR S C 76 K i A 1 op o 41 2208 - 240 Kl 2 PRS0 BT . /3 E A 2 4R (2014) 54 (10) 1227

Overexpression, purification and characterization of
phospholipase C from Acinetobacter calcoaceticus

Yanhong Wang, Liang Zhang , Zhenghua Gu, Zhongyang Ding, Guiyang Shi
Key Laboratory of Industrial Biotechnology of Ministry of Education, National Engineering Laboratory for Cereal

Fermentation Technology, Jiangnan University, Wuxi 214122, Jiangsu Province, China

Abstract: [Objective] In this study, we constructed two recombinant Escherichia coli strains to produce phospholipase C
(PLC) from Acinetobacter calcoaceticus. The recombinant enzymes were purified to homogeneity and characterized.
[Methods] We cloned the PLC encoding gene plcl, plc2 from genome DNA of A. calcoaceticus ATCC17902. The
amplified fragments were inserted into pET28a ( + ) to obtain expression plasmids. E. coli BL21 (DE3) harboring the
above plasmids were cultivated and induced with isopropyl-8-D-thiogalactopyranoside to express PLCs. The recombinant
PLCs were purified by affinity chromatography and their catalytic properties were characterized. [Results] Two PLCs from
A. calcoaceticus were cloned and functional expressed in E. coli. The recombinant enzymes have activities of 31160 +418
U/mg for PLC1 and 13640 +354 U/mg for PLC2, when using p-nitrophenyl phosphorycholine as substrate. The purified
PLCI and PLC2 exhibited optimum temperature at 65°C and 50° C, respectively. Their optimal pH were 8 and 7.5,
respectively. PLC2 was stable under 40°C and pH at 8, whereas the residual activity of PLC1 was less than 25% in the
same condition. Mg’' and Ca’" stimulated two enzymes activity, whereas Zn*" stimulated PLC1 and inhibited PLC2.
PLC1 and PLC2 hydrolyzed phosphatidylinositol. [Conclusion] It is the first time to express and characterize the PLC
gene from A. calcoaceticus ATCC17902. These research results provide reference for the study of food-safety
microbiological PLC.

Keywords: Acineitobacter calcoaceticus, phospholipase C, purification, genetic recombination

(AR 3L 5 % < 5K IR )

Supported by the National Programs for High Technology Research and Development of China (2011AA100905) , by the Program for New Century
Excellent Talents in University (NCET-1-0665) and by the Research Program of Sate Key Laboratory of Food Science and Technology, Jiangnan
University (SKLF-ZZA-201201)

“ Corresponding author. E-mail: 13861707271@ 139. com

Received: 24 December 2013 /Revised: 28 March 2014



