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Comparison of effects of staphylococcal nuclease A fused
with different exogenous DNA fragments

Lixia F ul, Dejun Jil, Xubin Lul, Xian’gan Hanz, and Wenzhi Wei'

1 Jiangsu Key Laboratory of Zoonosis, College of Animal Science and Technology, Yangzhou University, Yangzhou 225009,
Jiangsu, China
2 Shanghai Veterinary Research Institute, Chinese Academy of Agricultural Sciences, Shanghai 200241, China

Abstract: Staphylococcal nuclease A (SNA) may be used to produce bacterial ghosts for further inactivation of host
bacteria and elimination of residual genetic materials. It is still controversial if SNA without signal peptide can be secreted
to extracellular matrix and if fusion with other peptide is required for its function in the cytoplasm of host bacteria. To
clarify this dispute, a series of temperature-inducible plasmids carrying SNA alone or SNA fused with partial sequences of A
phage cro gene (cSNA) or Mycobacterium tuberculosis urease gene (uUSNA) were constructed and evaluated in Escherichia
coli. Results show that the percentages of inactivated E. coli by SNA, cSNA and uSNA after 4 h of induction were 99.9%,
99.8% and 74.2%, respectively. Moreover, SNA and cSNA in the cytoplasm of host bacteria were initially detectable after
30 min of induction, whereas uSNA was after 1 h. In comparison, SNA and ¢cSNA in culture supernatant were initially
detectable 1 h later, whereas uSNA was 2 h later. The nuclease activity in the cytoplasm or supernatant was ranked as
follows: SNA > cSNA > uSNA, and the activity in the supernatant was significantly lower than that in the cytoplasm.
Furthermore, host genomic DNA was degraded by SNA or cSNA after 2 h of induction but not by uSNA even throughout
the whole experiment. In conclusion, this study indicates that SNA, cSNA and uSNA expressed in host bacteria all have
nuclease activity, the enzymes can be released to culture media, and fusion with exogenous peptide negatively reduces the

nuclease activity of SNA.
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Table 1 Primers sequence used in this study

1 MRE7 %

1.1 EiR. FRARIRF
DH5a
pFLX107
pBV220-SNA [16-17]
Xem 1  New England BioLabs

Kpnl Pst1 T4 DNA PrimeSTAR HS
(Premix) Premix Ex7Tag DL5000 DL10000

TaKaRa DNA Mini Kit High-Speed
Plasmid Mini Kit  Gel/PCR DNA

DNA

Geneaid

( D
(Thermo Fisher) ( )

Primer name

Primer sequence (5'-3")

Restriction site

SNA-F CGGGGTACCATGGCAACTTCAACTAAAAA Kpn |
SNA-R AAACTGCAGTTATTGACCTGAATCAGCGT Pst 1
tSNA-F ATGGCAACTTCAACTAAAAA

tSNA-R TTATTGACCTGAATCAGCGT

Cro-F CGGGGTACCATGGAACAACGCATAACCCT Kpn |
Cro-R AGTTGCATATACGCCGAGATCTTTAGCTGTCTTGG

c¢SNA-F ATCTCGGCGTATATGCAACTTCAACTAAAAAATT

cSNA-R AAACTGCAGTTATTGACCTGAATCAGCGT Pst 1
Ure-F CGGGGTACCATGCGCCTGACGCCGCAC Kpn 1
Ure-R GTTGAAGTTGCGCGGGCCCGACGCCGGCG

uSNA-F CGCGCAACTTCAACTAAAAAATTAC

uSNA-R AAACTGCAGTTATTGACCTGAATCAGC Pst 1
M13-47 CGCCAGGGTTTTCCCAGTCACGAC

M13-48 GAGCGGATAACAATTTCACACAGG

http://journals.im.ac.cn/cjben



(8 /2 HEWHREHEE A SRR DNA HERHMARANIERLE

1.2 [RHI pFLX107-SNA By
pBV220-SNA

SNA-F/SNA-R SNA 50 uL
1 uL  PrimeSTAR HS
(Premix) 25 pL 22 uL  PCR
98 C 30s 55°C 30s 72°C
30s 30 72 C 5 min PCR
1% Kpn' 1
Pst 1
Kpn 1 /Pst T X pFLX107

pFLX107-SNA (1)

1.3 [RHL pFLX107-tSNA Ry

pFLX107-tSNA TA

Ori ‘

pR
Ori |

pR
Ori I

pR
Ori |

pR

1 RITRE R E G
Fig. 1

pBV220-SNA
tSNA-F/tSNA-R  Premix Ex7agq SNA
Xem 1 pFLX107
SNA
pFLX107-tSNA (D

1.4 [RHL pFLX107-cSNA HI#3E
pBV220-SNA

Cro-F/Cro-R cSNA-F/cSNA-R cro
5! SNA Cro

SNA Cro-F/cSNA-R

PCR  Cro SNA
Kpn I /Pst 1 pFLX107
pFLX107-cSNA (1)

rrnbT1T2

m PELX107-SNA
rrnbT1T2

m PFLX107-cSNA
rrnbT1T2

m PFLX107-uSNA
rrnbT1T2

Maps of thermo-inducible plasmids. Cat: chloramphenicol acetyltransferase gene; Ori: origins of replication;

pR: the rightward lambda promoter; cI857: a temperature sensitive repressor cI857; rrnBT1T2: ribosomal RNA
operon T1T2 terminator; SNA: staphylococcal nuclease A gene; cSNA: SNA fused with Cro; uSNA: SNA fused with

UreA.
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1.5 &KL pFLX107-uSNA HI#E

A (ureA) 5’ (18]
Ure-F/Ure-R ureA 5
pBV220-SNA
F/uSNA-R SNA
ureA SNA

pFLX107-uSNA (1)

1.6 A[FE SNA BEEMIFESRIE

DH5a
DH5a 100 mL
LB 28 C
ODeo0 0.3-0.4

MgCl, 10 mmol/L
SNA
ODsoo
0 2 4h
SNA
=(1- CFU/

1.7 EEBN
lh 1mL

Genomic DNA Mini Kit

0.8%

1.8 EREEIE 1N E

DNA
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uSNA-

pFLX107

(35 pg/mL)

42 °C
CaCh
1 mmol/L

CFU)x100%

[19]

DNA

3 mm

10 uL
LB
15 min 10 pL
28 C
( )
2 BHER54H
2.1 pFLX107 RFIHTA Bk f9405E
pBV220-SNA SNA-F/SNA-R

tSNA-F/tSNA-R Cro-F/Cro-R ¢SNA-F/cSNA-R
uSNA-FuSNA-R

468 bp (

) 450 93 473 462 Dbp (
2) ureA Ure-F/
Ure-R 98 bp
( 2 PCR Cro-F/cSNA-R

Ure-F/uSNA-R

546 bp ( 2

bp M1 2 3 45 6 7 8

5000
2000

750
500

100

2 HBYEEH PCR 1%

Fig. 2 PCR amplification of target gene. M: DNA
marker DL5000; 1: SNA; 2: tSNA; 3: cro; 4: SNA for
constructing ¢SNA; 5: ¢SNA; 6: ured; 7. SNA for
constructing uSNA; 8: uSNA.
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pFLX107-SNA pFLX107-
tSNA pFLX107-cSNA pFLX107-uSNA  M13-
47/M13-48 PCR

673 571 748 748bp( 3)

2.2 KB E DH5a 894 K Bl 2k LEER

DH5a
28 C ODgoo 0.3-0.4
42 C MgCl,/CaCl, SNA
ODgo

pFLX107-SNA  pFLX107-cSNA

pFLX107-uSNA DH5a
ODsoo
DHS5a (pFLX107-SNA)
ODgoo 120 min
180 min 1.0 DH5a
(pFLX107-cSNA) ODgop 150 min
210 min 1.1
DHS5a (pFLX107-uSNA)  ODgy 210 min
1.4

DH5a (pFLX107-tSNA) ODgoo

(ODgpo=1.83) ( 4)

SNA
2h 4h pFLX107-
SNA  pFLX107-cSNA DH5a
2-3
DH5a (pFLX107-SNA) 99.7%
99.9% DH5a (pFLX107-cSNA)
99.5%  99.8%

pFLX107-uSNA DH5a

® 010-64807509

55.7%  74.2%
(pFLX107-tSNA)

DH5a

2h  4h
1.6 35 (2

bp

5000

2 000

750
500

250

B3 MERAR PCRETE

Fig. 3 PCR identification of constructed plasmids. M:
DNA marker DL5000; 1: pFLX107-SNA; 2: pFLX107-
tSNA; 3: pFLX107-cSNA; 4: pFLX107-uSNA.

2 . 0 B —B—pFLX107-tSNA—O— pFLX107-SNA—@— pFLX107-cSNA—4—pFLX107-uSNA

1.8
1.6
1.4
1.2
1.0
0.8
0.6
0.4
02r

0.0 60 120

ODGU(J

180 240 300 360

¢ (min)

B4 X E DHSa B9 K4k

Fig. 4  Growth curve of E. coli DH5a carrying
pFLX107-SNA, pFLX107-tSNA, pFLX107-cSNA and
pFLX107-uSNA, respectively. The cells were grown at
28 C until the ODgy, reached 0.3-0.4, and then was
induced by the upshift of temperature from 28 ‘C to 42 C.
Mg and Ca’* were added to the culture simultaneously.
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2.3 HERERIETE

90 min DH5a (pFLX107-
SNA) DH5a (pFLX107-cSNA)
4
4.7£0.3) mm  (3.7+0.2) mm ( )
DH5a (pFLX107-uSNA) 180 min
F 2 KHBHE DHSe HFSXE

(3.1202)mm( 5A)
DH50 (pFLX107-SNA)
DH50 (pFLX107-cSNA) 30 min

DH5a (pFLX107-

uSNA) 60 min
(10.5£1.1) mm
(7.2404)mm  (4.120.3)mm ( 5B)
DH5a (pFLX107-tSNA)
(G
2.4 75 EERE B K

2 h
DH50 (pFLX107-SNA) DH5a
(pPFLX107-cSNA) ( 6
DH5a (pFLX107-uSNA)

Table 2 Inactivation of E. coli DH50 harboring pFLX107-SNA, pFLX107-tSNA, pFLX107-cSNA and pFLX107-
uSNA, respectively, after induction by temperature upshift

Number of CFU (Inactivation rate)

Bacteria (plasmid)

0h 2h 4h
E. coli DH5a (pFLX107-tSNA) 8.6x10’ 1.4x10° 3.0x10°

E. coli DH5a (pFLX107-SNA) 1.4x10® 3.8x10°(99.7%) 2.1x10°(99.9%)
E. coli DH5a (pFLX107-cSNA) 1.1x10° 5.1x10°(99.5%) 1.9x10°(99.8%)
E. coli DH5a (pFLX107-uSNA) 9.7x10’ 4.3x107(55.7%) 2.5x107(74.2%)

>

[ -m-pFLX107-SNA-O-pFLX107-SNA-@-pFLX107-cSNA4— pFLX107-uSNA
o O

Diameter of pink halo (mm)

180 240 300

¢ (min)

360

B

[ —m-pFLX107-(SNA-O-pFLX107-SNA-@-pFLX107-cSNA-#-pFLX107-uSNA

12
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a 0 p
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¢ (min)

5 KM#TE DH5a 15 R EFE (A) FIREA (B) H%EREEE
Fig. 5 Nuclease activity of culture supernatant (A) and intracellular nuclease activity (B) of E. coli DH5a carrying
pFLX107-SNA, pFLX107-tSNA, pFLX107-cSNA and pFLX107-uSNA, respectively.
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A B
bp bp M 1 2 3 4 5 6
10 000 10 000 —*
!
N
2 000 2000 —
f—
500 500 — P
-
C D
bp M 1 2 3 4 5 6
10 000
2 000
500

B 6 XBEATHE DH50 SEFBEE KD

Fig. 6 Electrophoretic analysis of total DNA of E. coli DH5a harboring pFLX107-SNA (A), pFLX107-cSNA (B),
pFLX107-uSNA (C) and pFLX107-tSNA (D), respectively. M: DNA marker DL10000; Lane 1-6: samples prepared
from the induced culture every one hour after induction.

DH5a (pFLX107-tSNA) [10-13]

( 6C) SNA
( 6D)
3 ‘VJ’V& SNA Cro
N
[1-4] SNA
E cSNA uSNA
(7-91 SNA
SNA
SNA SNA
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Recchi uSNA
E 40-200 nm
[20]
SNA
Lee
SNA
pR SD
57 bp
pGEM-T easy vector
[16]
5-13 bp 20 bp
[21]
SNA
Lee Cro SNA
pR-Cro
PR 57 bp
Sall  Ndel
Cro N 26
65bp Cro¥5’
Cro SNA
65 bp
E DNA (DNA
shuffling) 1
E [22] Cro
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SNA SNA

uSNA
DNA

SNA  cSNA 2 h

uSNA 1-2
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