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DNA NETs DNA (ATCC)
8] TLR9 37°C
o) THB 37 °C
SsnA SS9 LB
GZ0565 SS9 100 pg/mL
SsnA SS9 [5] SsnA 50 pg/mL
SS9 SS9 GZ0565 100 pg/mL
ssnA 1.1.2 THB BD
HEp-2 DNA Premix T4
SsnA TaKaRa
559 Omega
1 j:j’ *+ ﬁn A &:‘ RPMI-1640
1.1 Hyclone THY
o
1.1.1 9 Yo THB
GZ0565 2005 Bio-Rad
B3.51 DH50  BL21 (DE3) 1.2 ssnA
GZ0565 DNA ssnA-A
pSET-4s ssnA-B  ssnA-C  ssnA-D( 1) ssnA
Daisuke Takamatsu ssnA-AB  ssnA-CD
[10] HEp-2 (ATCC CCL23) PCR ssnA-A  ssnA-D
x1. KRB
Table 1. Primers used in this study
Primers Sequences (5'—3')* Restriction sites Sizes/bp
ssnA-A ATATGCAAGCTTTCAACCCTGCCATGTACCTGCAC Hind 111 1015
ssnA-B ATGGAAGAGAGAACGGTTTCTAA
ssnA-C TTAGAAACCGTTCTCTCTTCCATTGCCTTGTCAAAAAACAAAAA 1010
ssnA-D ATATGCGAATTCTTCCACATCACCAATCATGAA EcoR 1
ssnA-X ACCAGATGGACGAGTCCTACAA 2274
ssnA-Y CATTTCCATAACGACCAGACCT
ssnA-F TCTTGTCACTATCGCAGGACG 464
ssnA-R CTGGTCCAGCGATACGACCGGTG
rssnA-up GAGTCAGGATCCACAACAACCATTATCCCAAATGATGA BamH 1 1266
rssnA-down  ATACAGGAGCTCTTAGGATTCTTTTTGTTTTTTGACAAGGCAGGTG Sac 1

*Underlined sequences are introduced restriction sites.

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



482

Huanyu Tang et al. | Acta Microbiologica Sinica, 2017, 57(4)

PCR ssnA-AD
ssnA-AD pSET-4s
Hind Il EcoR1 37°C
DH5a
PCR

pSET4s-ssnA GZ0565
ssnA
Takamatsu (]
1.3
Takamatsu !
THB 28 °C
37°C
THB
37 °C 180 r/min
THB 3 THB
37°C THB 28 °C
180 r/min THB
5-10 5 1 mL 10
10° 100 pL
2
THB 28 °C
24 h
ssnA-X  ssnA-Y
ssnA-F  ssnA-R PCR
ssnA-X ssnA-Y PCR
1.4 SsnA (rSsnA)
GZ0565 rssnA-up
rssnA-down ssnA PCR

actamicro@im.ac.cn

DNA
pET-32a DH5a
pET-32a-rssnA
BL21 (DE3) 1 100
100 pg/mL LB
180 r/min ODgy0=0.4
-B-D- (IPTG)
0.1 mmol/L 37°C 180 r/min 4h
PBS(pH7.4) 2 (
20 mmol/L 500 mmol/L 30 mmol/L)
250 W 55
4 °C 12000 r/min

SDS-PAGE

pET-32a-rssnA

37°C

10s 30 min) 5 min

GE Healthcare
Kit rSsnA

rSsnA

0.5 mL rSsnA (200 pg)
0.5 mL 14d 0.5 mL
rssnA (200 pg) 0.5 mL
28d 0.5 mL
0.5 mL

HisTrap Purification

rssnA (200 pg)

14d ELISA

1.5 Western blot SsnA

Western blot 2]
1 mL ODgoo=1 AssnA
13000 r/min SDS-PAGE

0.01 OD/uL 100 °C

10 pL

PVDF

TBST (

2 min
10 min
12% SDS-PAGE
(GE Healthcare) 5%
0.05% Tween 20  PBS) 37 °C



,2017, 57(4)

483

2 h Tanon TM High-sig ECL Western
Blotting ( )
rSsnA (1:1000 ) HRP
IgG ( 1:5000 )
Tanon 5100 ( )

1.6

[5.13-14] AR | w
GZ0565 AssnA

THB

2 1:100 THB 37 °C 180 r/min
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Figure 1.

PCR and restriction endonuclease confirmation of pSET4s-ssn4. A: PCR confirmation of pSET4s-ssnA4.

Lane 1: primers ssnA-A/ssnA-D, pSET4s-ssnAd as template; lane 2: primers ssnA-A/ssnA-D, pSET4s as negative
control; M: DNA marker DL5000. B: Restriction endonuclease analysis of recombinant plasmid pSET4s-ssnA4.
Lane 1: pSET4s-ssnd digested by Hind 111 and EcoR I; lane 2: pSET4s digested by Hind III and EcoR 1 as negative

control; M: DNA marker DL5000.
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pSET4s-ssnA

GZ0565
ssnA-F/ssnA-R ssnA
GZ0565 464 bp
ssnA-X/ssnA-Y
GZ0565
5334 bp 2274 bp
( 2 ssnA AssnA
2.2 rSsnA Western blot SsnA
pET-32a-rssnA  BL21 (DE3)
IPTG 4h SDS-PAGE
3 64 kDa
bp
<5334 bp
<2274 bp
<464 bp

2. AssnAPCR £%E

Figure 2. PCR confirmation of the deletion mutant
AssnA. Lane 1: primers ssnA-X/ssnA-Y, GZ0565; lane
2: primers ssnA-X/ssnA-Y, Assnd; lane 3: primers
ssnA-F/ssnA-R, GZ0565; lane 4: primers ssnA-F/ssnA-R,
AssnA; M: DNA marker DL5000.

A 1 2 3 4 M kDa

130
100

kDa M 1 2 3

70
55
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3. SDS-PAGE #&ll rSsnA ik

Figure 3. The expression of rSsnA analyzed by
SDS-PAGE. M: Protein molecular weight marker;
Lane 1: BL21 (DE3) containing pET-32a-rssnA without
IPTG induction; lane 2: BL21 (DE3) containing
pET-32a-rssnA with IPTG induction for 4 h; lane 3: the
supernatant of BL21 (DE3) after sonication that contains
pET-32a-rssnA with IPTG induction.

(rSsnA 45.4 kDa

18 kDa)

pET-32a

GZ0565 AssnA

SDS-PAGE PVDF rSsnA
Western
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4. Western blot #&il] SsnA &R

Figure 4.

Western blot analysis of SsnA expression. A: M: protein molecular weight marker; lane 1-2: wild type

strain GZ0565 was probed with rabbit anti-rSsnA serum; lane 3—4: AssnA was probed with rabbit anti-rSsnA serum,;
B: M: protein molecular weight marker; lane 1-2: wild type strain GZ0565 was probed with rabbit serum before
immunization; lane 3—4: AssnAd was probed with rabbit serum before immunization.
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Table 2.
model

PO aE RIS GZ0565 1 Assnd LDsy N E

LDsy of GZ0565 and AssnA in zebrafish

Dose of infection (CFU) Mortality of mice

GZ0565 Assnd GZ0565 Assnd
1.12x10% 7.00x107 14/15 14/15
1.12x107 7.00x10° 14/15 12/15
1.12x10° 7.00%10° 11/15 4/15
1.12x10° 7.00x10* 3/15 1/14
LDs, 1.75x10° 1.96x10°
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Figure 5. The adherence rate of wild type strain

GZ0565 and AssnA to HEp-2 cells. The adherence rate
of AssnA was only 60.61%=+6.65% (Mean+SD) of wild
type level. **P<0.01.
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6. GZ0565 0 AssnA TERE LM P HFEEE
Figure 6. Survival rate of GZ0565 and AssnA in pig

blood. The survival rate of AssnAd in pig blood was
only 71.88%=*6.76% (Mean+SD) of wild type level.
**P<0.01.
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(19] 7. GZ0565 70 AssnA F&f# DNA iRI&
Figure 7.  Electrophoretic analysis of DNA degradation
AssnA DNA 3 by strain GZ0565 and Assnd. Lane 1: Control GZ0565
AssnA DNA genome DNA; lane 2: GZ0565 genome DNA+strain
P<0.0001 GZ0565; lane 3: GZ0565 genome DNA+strain AssnA;
( ’ ) lane 4: Control A DNA; lane 5: A DNA+strain GZ0565;
lane 6: X DNA+strain AssnA; M: DNA Marker DL5000.
R 3. ME SRR L DNA F=EBERIR AU RE
Table 3.  Ability of bacteria to produce Pi by degrading A DNA
. Average of total concentration of Pi . Ability of bacteria to produce Pi
Strains (umol/L) Bacteria added (CFU/mL) (nmol/min/10° cells)
GZ0565 107.0 1.31x10° 0.272
AssnA 39.0 8.05x10° 0.161
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Abstract: [Objective] In addition to Streptococcus suis serotype 2, Streptococcus suis serotype 9 (SS9) is also a
currently prevalent serotype and a zoonotic pathogen. In our previous study, SS9 DNA nuclease (SsnA) was
considered as a candidate virulence factor. To clarify the impact of SsnA on SS9 virulence, we constructed ssnA
mutant (AssnA) and studied its biological functions. [Methods] We evaluated the virulence of wild type strain and
AssnA in a zebrafish infection model and compared the adherence rate to HEp-2 cells, the survival rate in pig blood,
and enzymatic activity between wild type stain and AssnA. [Results] In a zebrafish infection experiment, the 50%
lethal dose value of AssnAd was 11.2-fold higher than that of wild type strain. The adherence rate of AssnA to HEp-2
cells was only 60.61% of the wild strain level. The survival rate of AssnA in pig blood was declined to 71.88% of
wild strain level. The enzymatic activity assay showed that SsnA can degrade both linear and circular DNA.
[Conclusion] SsnA contributes to SS9 virulence in a zebrafish infection model, the adherence to HEp-2 cells, and
the survival in pig blood. SsnA is indeed an essential virulence factor for SS9.

Keywords: Streptococcus suis serotype 9, DNA nuclease, virulence factor
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