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[7-9]

C
C
B. cereus-PLC
C B. cereus

C  B. cereus

PLC
C
bcPLC
[10-11]
C
C
[10-12]
AOX1
AOX1
[13]
(K. lactis)
[14-15]
U6l K. lactis FDA (food and

drug administration) GRAS (generally

regarded as safe)

K. lactis

actamicro@im.ac.cn

1 AR i

1.1
1.1.1 SOB (g/L)
10.0 5.0 0.5 0.186
0.95 pH 7.2-74 1.6%
YPD (g/L) 20.0
20.0 10.0 (g/L)
1.9 6.6 10.9 15 pH
7.2-7.4 5% (W1V)
YCB (100 mL)
(YCB) 1.17 g pH 7.0 KH,PO4-K,HPO,
( 30 mmol/L) 3 mL 15¢g
5 mmol/L
1.1.2 (Bacillus
cereus) JIM109
(Kluyveromyces lactis  GG799) K. lactis
GG799/pKLACI ( ) pMD19-T
Simple Vector TaKaRa pKLACI1
New England Biolabs
1
1. 3519
Table 1. Primers
Primers Sequences (5'—3")
P1-F TACCGACGTATATCAAGCCCA
P2-R ATCATCCTTGTCAGCGAAAGC
P3-F CAGTGATTACATGCATATTGT
CGCTCGAGAAAAGAATGATTACACG

PRLACT-ple-F 1 GTAAATT

CCGAGATCTTAGTGGTGGTGGTGGT
GGTGTTAGATCATTGCAGGATCAC
The underlined are restriction enzyme cutting sites.

pKLACI1-plc-R
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Primer Premier 5.0

«C )
1.1.3
Xhol Bgl Il Sac Il EcoR1 T4 DNA

2xTagq Mix
PCR
Yeast Carbon Base
(YCB) New England Biolabs
1.2 DNA
DNA
[17]

1.3  beple

NCBI (GenBank ATCC10987)
beple PCR pKLACI1-beplc-F/
pKLACI1-bcple-R Bacillus cereus
pKLACI1-bceple-F/pKLAC1-beplc-R

PCR (100 puL) 2xTag Mix
50 pL 46 pL 2 ulL
(10 umol/L) 1 uL. PCR 95 °C 5 min
94°C30s 55°Clmin 72°C 1 min 30

72 °C 10 min PCR pMD19-T-Simple

Vector IM109
SOB
Xho I /Bgl 11
1.4 pKLAC1-bcplc
pMD19-T-beplc
Xhol Bgl Il
pKLACI1 IM109

Xho 1 /Bgl 11
pKLACI1-bceplc

1.5 K lactis GGT799

pKLACI1-beple  Sacll
K. lactis GG799 YCB 30°C
4d YCB
YPD K.

lactis GGT799
P1 P2 P2 P3
PCR PCR
95°C10min 80°C2min 95°C30s

50°C30s 72°C3 min 30 72 °C 10 min
1.6 C
1.6.1 181 200 pL
37°C 12h
1.6.2 p-NPPC 19201 _NPPC
PLC
410 nm PLC p-NPPC
B. cereus C
p-NPPC
p-NPPC
p-NPPC
p-NppC!'”]
0.25 mol/L  Tris-HCI (pH 7.2)
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I mmol/L  ZnCl, 60% wiv)y
10 mmol/L  p-NPPC 200 pL
20 uL 37°C 30 min
410 nm
pH 7.2 37°C
p-NPPC 1 nmol
1 )
U=CV/tm
U C (UmL) C
(nmol/mL) V (mL) ¢
(min) m (mL)
mg
= /
1.7 SDS-PAGE

K. lactis GG799/pKLAC1-

beple K. lactis GGT99/pKLACI1 50 mL

YPD 30°C 200 r/min 5d

10000 r/min 5 min
SDS-PAGE
1.8 C
YPD
1.3
NPPC SDS-PAGE

25 mmol/L Tris-HCI (pH 7.4) 0.5 mol/L NaCl
25 mmol/L Tris-HCI (pH 7.4) 0.5 mol/L

NaCl 10 mmol/L 25 mmol/L
Tris-HCI (pH 7.4) 0.5 mol/L NaCl 300 mmol/L
HisTrap™HP 5
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(CV) 10 CV
10 CV
HiPrep ™26/10 Desalting
HiPrep ™26/10 Desalting
5 mL 2CV
1.5CV
C

2 ERFpH

2.1 C K. lactis GGT799

2.1.1 B. cereus plc

NCBI  B. cereus plc
beplc
24 25
2.1.2 C beplc
1 800 bp
(795 bp)
kb
11.5 —
5.0 —
2.8 —
1.7 —
1.1 —
0.8 — < 0.79 kb
0.5—

1. bcple B EIRBEHE SRR Bk 73 47
Figure 1. Agarose gel electrophoresis of bcple. M:
AMPst 1 DNA marker; 1, 2: PCR product of beplc.
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21.3 K lactis GGT799 pKLAC1-bcplc
pMD19-T-beplc
Xho 1

pKLAC]I

Bgl 11
E. coli IM109

2
0.79 kb 9.10 kb
pKLACI1-beplc
2.1.4 K. lactis GG799
pKLAC1 K. lactis
K. lactis DNA
5 mmol/L
DNA

LAC4

6.7 kb K. lactis
YCB

K. lactis GG799

beplc

PLAC4

pKLACI

YCB

(amds)

amds

9.10 kb

0.79 kb

[ 2.

Figure 2.
M: A/Pst I DNA marker; lane 1, 2: recombinant plasmid

pKLAC1-bcplc digested by Xho I and Bgl 1I.

FABKN pKLAC1-beple BEINE

The enzymatic digestion of pKLAC1—bcplc.

pKLACI K. lactis
YCB
YPD
P1 P2 P2 P3 PCR
LAC4
1.9 kb 2.3 kb
(Manual I. K. lactis Protein Expression Kit NEB)
3
K. lactis
GG799 pKLACI1
LAC4
[21]
3 1.9 kb
beplc K. lactis DNA
3 K. lactis/pKLAC1-bcplc
2.3kb DNA
3. E4HH beplc ER B NESWIE

Figure 3. The multiply integrated identification of
recombinant plc gene. M: A/Pst I DNA marker; lane
1-4: PCR product of K. lactis’pKLACI1-bceplc (1, 2:
P1/P2; 3, 4: P2/P3).
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2.1.5 B. cereus plc K. lactis
) beple K
lactis a-mating factor

K. lactis/lpKLAC1-bcplc

beplc K. lactis GG799
(4
4 K. lactis/pKLAC1-bcplc
rbcPLC
(a b o) K. lactis/pKLACI1

(control)

(2) K. lactis/pKLAC1-bcplc SDS-PAGE

C
19251 U/mg 5
SDS-PAGE 40 kDa
(28 kDa) NetNGlyc 1.0 Server
169 1 N

4. EHEBAERE CIEMNE

Figure 4. Analysis of phospholipase C on egg yolk. a,
b, ¢: K. lactisspKLACI1-bcplc; control: K. lactis/
pKLACI.
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kDa M 1 2 3
138
100

70

55

40
rbcPLC

35

25

5. EHE K. lactisspKLAC1-bcple FiLF=H)H
SDS-PAGE Ejk 5 #

Figure 5. The SDS—PAGE analysis of expression
product in recombinant strain. Standard protein marker;
lane 1: purification of rbcPLC; lane 2: K. lactis/pKLACI;
lane 3: fermentation supernatant of recombinant strain.

2.2

rbcPLC
20 25 30 35 40 45 50 55 60
65 70 75 80 85 90°C

2.2.1

(8370 U/mg) 100%
6-A
6-A rbcPLC
80 °C 20-65 °C
80 °C
90 °C
2.2.2 pH 0.25 mol/L pH

40 45 50 55 6.0 -
0.25 mol/L pH 6.5 7.0 -
0.25 mol/L pH 7.5 8.0 8.5
9.0  Tris-HCI
pH 7.2 (2147 U/mg) 100%
6-B

6-B pH 9.0
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200%  pH 4-6 (2147 U/mg)  100%
25% pH 9.0 6-C
pH 6-C 20 °C 40 °C
2.2.3 20 25 30 min 90% &5 °C
30 35 40 45 50 55 60 65 70 75 80 30%
&5 90°C 30 min 37 °C
@ T ®
_ \ 200 |
S gok S g
= 1 2150
= 2
S 60k 2
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> 2
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& ot _/.// \ 2 50t /
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o 9of \, . 100} A
<. sof S 90¢
= 700 k Z 80f
2 60f N g 701 =
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200k * 301 s
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e pH
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12000 NB @420z HB
100+
80+
60
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Relative activity/%

0 N N N N \
Cu2+ Mn2+ Ca2+ C02+ Mg2+ Zn2+
Metal ions

6. iRE(A), pH (B), EERIMFAEM(C), EERY pHIZEIEMD), £B B F(B)X EAHMASEEE H IS
Figure 6. Effect of reaction temperature (A), pH (B), Thermal stability of the enzyme (C), pH stability of the
enzyme (D), mental ions (E) on PLC enzymes activity.
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2.24 pH
pH 4°C pH 7.2
pH7.2 (2147 U/mg)
100%
6-D
6-D pH 7.0-9.5
90% pH 6.0
50%
2.2.5
CUC12 MgClz Ml’lClz CaClz COC12 ZIlC12
0.5 1.0 2.0 mmol/L
6-E
6-E Cu”®  Co™
Zn2+ Mn2+ Caz+
Mg2+
3 it
C
[22]
C
C
AOX1
K. lactis
FDA GRAS
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K. lactis
C C
Ni
p-NPPC [10-22]
C
C
C PLC
C
NPPC 2147 U/mg
80 °C pH
9.0 40 °C pH 7.0-8.0
Cu2+ C02+ Zn2+
Mn*" Ca*™ Mg*
C
K. lactis
(1) K. lactis Ca*"-ATPase
PMR1™)
MNN10824
(2)
rbcPLC
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Heterologous expression, purification and characterization of
phospholipase C from Bacillus cereus in Kluyveromyces lactis

Chao Xiao', Liang Zhang'", Yanyan Li"", Yu Xin', Guoan Chen®, Shengrong Yang’

" The Key Laboratory of Industrial Biotechnology, Ministry of Education, National Engineering Laboratory for Cereal
Fermentation Technology, Jiangnan University, Wuxi 214122, Jiangsu Province, China
2 Wuxi Jiangda Baitai Technology Co, Ltd, Wuxi 214122, Jiangsu Province, China

Abstract: [Objective] In this study, we constructed recombinant Kluyveromyces lactis strains to produce
phospholipase C (PLC) of Bacillus cereus. The recombinant enzymes were purified and characterized. [Methods]
We cloned the PLC encoding gene bcplc of Bacillus cereus. And the amplified fragments were inserted into
pKLACI to obtain expression plasmids. K. lactis harboring the above plasmids was cultivated to express PLC that
was purified by HisTrap'™ affinity chromatography and characterized. [Results] PLC of B. cereus was cloned and
expressed in K. lactis. The recombinant enzyme had shown activity of 19251 U/mg when using p-nitrophenyl
phosphorycholine as substrate. Purified PLC exhibited optimum temperature at 80 °C and optimal pH at 9.0. The
recombinant enzyme was stable below 40 °C and pH between 7.0 and 8.0. Cu®" and Co”" inhibited its activity
whereas Zn2+, Mn2+, Ca’" and Mg2+ stimulated its activity. [Conclusion] It is the first time to express and

characterize the PLC gene in K. lactis. These research results provide reference for the study of recombinant PLC.

Keywords: Bacillus cereus, Kluyveromyces lactis, recombinant, purification, characterization
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