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Expression, purification and characterization of bacteriophage
lysin of Streptococcus in Escherichia coli
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Abstract: Lysins are murein hydrolases produced by bacteriophage that act on the cell wall of host bacteria to release progeny
phages. Research indicated that lysins could kill bacteria effectively and specifically in vitro. To prepare recombinant bacteriophage
lysin of Streptococcus (PlyC) and analyze its biological activity, we obtained two genes of PlyC named PlyCA and PlyCB by PCR
amplification and inserted them into pET-32a(+), then transformed the recombinant expression vectors pET-32a(+)-PlyCA and
pET-32a(+)-PlyCB into E. coli BL21(DE3) respectively. After induction with 0.7 mmol/L IPTG at 30 °C for 7 h, PlyCA and PlyCB
were successfully expressed, SDS-PAGE analysis determined that they all constituted above 30% of the total cell proteins. After

Received: May 19, 2009; Accepted: June 26, 2009
Supported by: Science and Technology Planning Project of Zhejiang Province, China (No. 2007C33002).
Corresponding author: Pu Wang. Tel: +86-571-88320389; E-mail: wangpu@zjut.edu.cn

Weiqing Chen. Tel: +86-571-88296952; Fax: +86-571-88297097; E-mail: cwq135790@sina.com

WL A BRI H (No. 2007C33002) % Bl .



1268 ISSN1000-3061 CN11-1998/Q Chin J Biotech August 25, 2009 Vol.25 No.8

Ni**-NTA affinity chromatography, the purity was more than 95%. With the denaturation and protein refolding, we gained the
recombinant PlyC. To determine its biological activity, we adopted turbidimetry and plate count method. Before and after lysin
treatment, the cell morphology was studied by scanning electron microscopy (SEM). The results showed that the recombinant PlyC
could specifically cleavage Streptococcus pyogenes (group A B-hemolytic streptococci). Under the incubation time of 60 min with
4 pg/mL PlyC in Streptococcus pyogenes dilution which ODgy was 0.56, the germicidal effect was up to 99.6%, while SEM
observations showed that cell wall cracked and presented cell debris. This finding laid the foundation for the further study and

achieving an effective treatment for streptococcal infection.
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(Streptococcus sp.) (group C streptococci)Cl Cl
, , pET-32a(+)
A B- (group A B-hemolytic (Streptococcus pyogenes)
streptococci), (Streptococcus 1.1.2
pyogenes), PlyC
t PlyCA  PlyCB (D
, NdeI Xhol ( )
(231 T4 DNA Taq
, (Bacteriophage lysin)
[4-5] PCR IPTG X-gal
Ni*-NTA
, GenScript
[6-7]

#x1 =EEBEE PlyCA F1 PIyCB B934

(8] Table 1 primers for cloning of target genes

Genes  Primers Primer sequences (5'-3")
BL21(DE3) prvea  Forward GGAATTCCATATGAGTAAGAAGTATACA
PlyC 2 PlyCA ’ CAACANC
y y Reverse CCGCTCGAGTCATTTAAATGTTATCAAAC
2+ CAGTTAGT
PlyCB, Ni™-NTA pivcg  Forward GGAATTCCATATGATGAGCAAGATTAATG
y TAAACGTAG
Reverse CCGCTCGAGTCACTTTTTCATAGCCTTTC
PlyC, TGATAGCC
12 A%
. 1.2.1
1 MHa57%
1.1 FEIHMH :
1.1.1 PCR
BL21(DE3) (Escherichia coli BL21 Ndel Xhol
(DE3)) DH5o(Escherichia coli(DH5a)) , T4 DNA Nde I
(Proteus vulgaris) Xho I pET-32a(+) ,
(Bacillus cereus) (Bacillus subtilis) C pET-32a(+)-PlyCA  pET-32a(+)-PlyCB

Journals.im.ac.cn



1269

PCR ,
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BL21(DE3)
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, 3 12% SDS-PAGE
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GenScript Ni?*-NTA
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, [91,
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5 mmol/L PB, 1 mmol/L EDTA, pH 6.1) 1L, 4 °C
s 0.8 mol/L
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2d
5 mmol/L PB(pH 6.1) R ,
ODs¢0o ,
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2.5 ug/mL, 37 °C 1 h,
ODéoo,
PlyC Cl1
20 10
4 1 pg /mL PlyC
ODsoo )

,37°C 2d,
, PB
3 , 2,
2.5% 4 °C , 0.1 mol/L PB(pH 7.0)

3, 15 min, 1% 2 h,
50% 70% 80% 90% 95%
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PCR

PlyC 2 PlyCA  PlyCB
1.2% ,

1422 bp 243 bp ( 0,

: PCR pET-32a(+) Nde I/
Xho I , pET-32a(+)-
PlyCA  pET-32a(+)-PlyCB,

( 2 GenBank

PlyCB

1 PIyCA #1 PlyCB &Y PCR /" 1&

Fig. 1 PCR amplification of PIyCA and PlyCB. M: DNA
marker; 1: PCR product of PlyCB; 2: PCR product of PlyCA.
22 EYEH PIyCA #1 PlyCB E#XBH&E
BL21(DE3)H HIRIE K KMk

pET-32a(+)-PlyCA  pET-32a(+)-
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Fig. 2 Identification analysis of recombinant plasmid
pET-32a(+)-PlyCA and pET-32a(+)-PlyCB by enzyme digestion.
M: DNA marker; 1: PCR product of PIlyCB; 2, 7:
pET-32a(+)digested with Xho I, 3: pET-32a(+)-PlyCB digested

with Xho I and Nde I; 4: pET-32a(+)-PlyCB digested with Xho I;

5:  pET-32a(+)-PlyCA  digested with Xho I, 6:
pET-32a(+)-PlyCA digested with Xho 1 and Nde I, 8: PCR

product of PIyCA.
i
. e

wets

-

- & -PlyCB

3 BEX PlyCA 1 PlyCB ER XA ERIF M

Fig. 3 Effect of temperatures on the expression of PlyCA and
PlyCB. M: protein marker; 5, 6: uninduced sample; 4, 7: 10 °C;
3, 8:20 °C; 2, 9: 30 °C; 1, 10: 37 °C (1-4: induced sample of
PlyCA; 7-10: induced sample of PlyCB).
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Fig. 4  SDS-PAGE analysis of the PlyCA and PlyCB
expression. M: protein marker; 1: protein of BL 21(DE3)/pET-
32a(+)-PlyCB after induced with IPTG; 2, 3: uninduced sample;
4: protein of BL21(DE3)/pET-32a(+)-PlyCA after induced with
IPTG..
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Fig. 5 SDS-PAGE analysis of purified PlyCA and PlyCB. 1-2:
purified PlyCA; 3-8: purified PlyCB; M: protein marker.
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* 2 HHKERERZEE PlYC R
Table 2  Specificity to Streptococcus of bacteriophage lysin PlyC

Ending OD600

No. Bacteria Starting ODggo Ending ODy after adding the lysin without adding the Iysin Lysin activity
1 E. coli 0.581 0.603 0.568 -
2 P. vulgaris 0.531 0.552 0.535 -
3 B. cereus 0.536 0.591 0.599 -
4 B. subtilis 0.712 0.734 0.716 -
5 Cl1 streptococci 0.538 0.139 0.544 +
6 S. pyogenes 0.565 0.121 0.580 +
, Cl
; PlyC 6
, PlyC ODgoo
5 5 OD600
5 ODG()O
37 °C 2d ,
, 4 pg/mL 60 min
) 99.6%,
10 pg/mL 20 pg/mL 99.9% 7 ALBRMEHEER B B 1 R SR
7 , PlyC Fig. 7 Scanning electron micrographs of Streptococcus pyogenes
(10 000%). (a) Before incubation with PlyC. (b) After incubation
with PlyC for 60 min.
, ( 7a); PlyC
60 min S Vs
3 itk
b b
( 7b), PlyC
[12-13]
5
Q b b b
[14]
pET-32a(+) , BL21(DE3)
0 20 40 60 80 PlyC
Incubation time (min) 2 PlyC A PlyCB

Bl 6 A [ STk R b E R R AR Y 1N E
Fig. 6 Activity analysis of different concentrations of the
bacteriophage lysin of Streptococcus.
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