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Study on Heterologous Expression of Penicillinase Gene and
the Penicillinase Degrading Residual Penicillin in Milk

ZHAO Hong-Kun DU Lian-Xiang LIYu WANG Xiao-Juan LU Fu-Ping

(Tianjin Key Lab of Industrial Microbiology, Biotechnology Engineering Department,
Tianjin of Science and Technology, Tianjin 300457)

Abstract: To obtain a number of penicillinases and degrade penicillin in milk by using the penicillinases, the
gene encoding penicillinase was amplified by PCR from Bacillus cereus ATCC10987, cloned into
pET28a(+), transformed into E. coli BL21; analysis of SDS-PAGE and penicillinase activity of the recom-
binant protein were done under induction of IPTG and the result showed that the maximum penicillinase ac-
tivity reached 480 U/mL; the purity of penicillinase purified by Ni*" Purification System was more than
90%; the immobilized penicillinases were obtained by sodium periodate method and the residual quantity of
penicillin in milk(containing 0.5 U penicillin G/mL) was less than 4 ppb after degraded by the immobilized
penicillinase.
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(Penicillinnase, EC 3.5.2.6) J-
, p-

[4.5]

Bacillus cereus ATCC10987

>

, ( 4 ppb),

1 MEETH%

1.1 E#FIEHRL
(Bacillus cereus)ATCC10987

, E. coli DH5a E. coli
BL21 pUCI18 pET28a(+)
12 EERFH
Taq dNTP T4 DNA
DNA
TaKaRa ; DNA Marker(1 kb)
IPTG
; His Kit

1.3 BHEEAR PCR ¥ EENF

ATCC10987 DNA
[6], GenBank
(penp) , P1 5 *-
CGGAATTCCATAAAAATCAGGCGACG-3 T
EcoR ), P2 5=
ACGCGTCGACTTATTTAATATCATCAATTACAAC-
37 Sal )
49 PCR ,
PCR pUCI18 ,
E. coli DH50 ,
X-Gal IPTG LB
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( ) 37 5
pUC-penp
1.4 pET28-penp JRIzFTiXHIRIHIE
pET28a(+) s
E. coli DHSa
) ( PCR )
1.5 E4HH E.coli BL21/ pET28-penp HIiE SR IX
E.
coli BL21
BL21/pET28- penp BL21/pET28a(+)
2 mL (30 ug/mL) LB
, 37 , 1%
50 mL (30 pg/ mL) LB
250 mL s 37 180 r/ min
(ODgpp=0.6~0. ),
0.8 mmol/ L. IPTG, 37
3h 3h , 30 mL , 4000 r/min
10 min, , pH 7.0 6
mL , 330
W, 7 s, 5s, 10 min 15000
r/min s
SDS-PAGE( 12%, 5%)
1.6 BSEZREBENNE
[71, 37
pH 7.0 , 1 pmol
, U
17 EEEHGE
His Bind Purification Kit s
1.8 SHBMELEHEEEUNETERRE
12.5 cm 20 mL
pH 5.0 0.1 mol/L , 35
6 h, )
pH
6.0 4 24 h,
o, s
20 mL (pH 7.0) , 5 min
6
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1.9 EENLEEEHNE
[8]
37 pH 7.0 ,
1 pmol G ,  Ulem?
110 HpHhESRZEHE
[91,
4 ppb
2 FHR545M
2.1 BE®ERMREENF
PCR 0.8% ,
1 , 800 bp 1
789 bp, (GenBank
AE017194.1) , 1 (773 T
A, Ile Glu)
1 M bp
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Bl 1 PCRIIELER

Fig. 1 Result of PCR

M: 1 kb DNA marker; 1: PCR

M: 1 kb DNA marker; 1: Product of PCR

2.2 pET28-penp RiZFRIEHBAMMESLE

1.4 ,
) ) PCR
2 , 6200 bp
; 800 bp 5400 bp
; PCR,
800 bp penp
pET28a(+) ,
pET28-penp

bp

8000

6000
5000

1000
750

B 2 FHEFRIEFRK pET28-penp HIESTIF PCR £ E

Fig. 2 Idefication of enzyme digestion and PCR of pET28-

penp

M: 1 kb DNA marker; 1: EcoR Sal ;28
EcoR ;3 s 4: PCR

M: 1 kb DNA marker; 1: pET28-penp/EcoR | +Sal | ; 2: pET28-
penpl EcoR | ; 3: pET28a(+)/EcoR | ; 4: pET28-penp/ PCR

2.3 FELHHEE. coli BL21/ pET28-penp BIiESRiX
5 SDS-PAGE K BifgiE 71454

1.5 ,
SDS-PAGE 33 kD
., IPTG

(BL21/pET28a(+)) 33 kD

> >

kD M
116.0

66.2
45.0
35.0

25.0

18.4
14.4

E 3 HEHEBH/ SDS-PAGE 71
Fig.3 SDS-PAGE analysis of fusion protein

M: ; L BL21/pET28a(+) ;2
BL21/pET28a(+) 5 3: BL21/pET28a(+) ;4
BL21/pET28-penp ;5 BL21/pET28-penp
; 60 BL21/pET28-penp ;T BL21/pET28-
penp

M: Protein marker; 1: Lysate of pET28a(+) not induced with IPTG;
2: Lysate of pET28a(+) induced with IPTG; 3: Supematants of
lysate of pET28a(+) induced with IPTG; 4: Lysate of pET28-penp
induced with IPTG; 5: Supematants of lysate of pET28-penp in-
duced with IPTG; 6: Sediments of lysate of pET28-penp induced
with IPTG; 7: Lysate of pET28-penp not induced with IPTG
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10 uL ( 1.6),
227.8 U/mL ,
( ) 25,
7 h, ODgy=1.0, IPTG
1.0 mmol/L
480 U/mL
24 EHMEERRLAL
1.7 , 4
SDS-PAGE , 4

923 , 56

kD M 1 2
116.0

66.2
45.0

35.0

25.0

18.4

E 4 BHWMEBRALEE SDS-PAGE 5317
Fig. 4 SDS-PAGE analysis of purified fusion protein
M: ; 1: BL21/pET28-penp ;28

M: Protein marker; 1: Supematants of lysate; 2: Purified fusion
protein

25 FEEBHEEUREAELAESTSERBRY
3 Y iz A

1.8 ,
0.377 Ulem?,
23 2 cm? 20mL 05U
G/mL , )
0O min 5 min 15 min 1 mL ,
, 90 uL
1.3 cm ,4h~5h

E B
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Fig. 5 Experiment which immobilized penicillinase de-
graded penicillin in milk

a: ;b 5 min

c: 15 min

a: Milk not treated with immobilized penicillinase; b: Milk treated
with immobilized penicillinase for 5 min; c: Milk treated with
immobilized penicillinase for 15 min

5 s >
2.92 c¢cm , 5(a) ;
5 min ,
, 1.60 cm R
5(b); 15 min
) 5(c),
( 4 ppb)
3
pET28a(+) , 37 ,
5 25 ,
8h , 480.0 U/mL, Bacillus
cereus CMCC (B)63301
(98.6 U/mL)!"" 3.86 Jeffrey
(B.cereus) R
369 U/mL, Lac
T7
pET28a(+) His-tag , His Bind Puri-
fication Kit R B.
cereus [t
80 ,
Korycka

>
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