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Construction and characterization of Dbp gene knock-out
mutant in Streptococcus suis 2
YE Lin-Lu' WU Guang-Yan?> ZHANG Wei'
(College of Veterinary Medicine, Nanjing Agricultural University, Nanjing, Jiangsu 210095, China)

Abstract: [Objective] The contribution of DNA-binding membrane protein (Dbp) to the virulence of
Sreptococcus suis 2 was evaluated by constructing a gene knock-out mutant of Dbp. [Methods] The
distribution of Dbp was analyzed by PCR. An isogenic Sreptococcus suis 2 mutant of Dbp, ADbp, was
constructed based on the principle of homologous recombination, and the biological characteristics,
pathogenicity of ADbp and wild type ZY05719 was compared. [Results] The Dbp gene may be a
relatively conserved in different source of Sreptococcus suis 2. Compared with wild type ZY05719, the
growth rate of ADbp is significantly slower in the logarithmic phase, and the capsule of ADbp is
different from wild type ZY05719. Zebrafish pathogenicity test showed that the LDs, of ADbp had a
significant decrease as compared with wild type ZY05719. [Conclusion] Dbp gene is critical for the
full virulence of Sreptococcus suis 2. All these help us to understand its pathogenic mechanism.
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FHE BRI (Sreptococcus suis, SS)e— )
R, ISR 2R, R . W
IMAEFLC LA BB AR S 7, ™ EE I 7] 15 AT, AR
P FEREZHE(CPS) AR, PR EEBRT 434 33 4~
MRS, B ERRTE 2 BU(SS)WitTH . BUR T
R, PR N R AE Y, seY Rt
NFIRETER g Z Rt SS2 5 S MRE BEBR B
TEM RN YA oA, R A BT
TRk, R ARz e SS2 AL
S HA N R, —Salgeny 1 H A
FHIERE L HE(CPS) , ST L ZE (SLY) . MISMNAF(EF),
B2 PR . A RS AR S S
8, (BIELEORMLIRSATE R . e e R 2
RO, HUER SS2 55FERK TIS FsiTEtk Z2Y05719
2 SRE D, Bk ZY 05719 HRAT T TIS Gk
PR, X2 S LD AT R S o B R M B 0 AHOC .

AW R T4 T B ik H H 3K Dbp,
Dbp JE[H 55 SS2 P1/7 i) DNA &4 &
(DNA-binding membrance protein)[m] JFIEAR &, Kk
Wiz 45 Dbp. AP 49T 8L, Dbp
M S —4rE KIS XRE BRI S5
FEIRYIR, A& 4854 £ -2 DNA 256 X0, R
DNA Z55 I8 H . o T#F5E Dbp 5 SS2 & /1A
RN, AT AL A H L R B BRADDP, R bk
FIVEFRE VR 25 A W R Pk BB Pk, DU P AR5
Dbp FEP7E SS2 Bt Jr A FEVE

1 ME5FHE
1.1 #8
111 BERRANBRRL: ASSCIGRT MR . Bk LR 1.

95 MEAFIRIR A EERR T PCR il 519045
T B Invitrogen 28 (55 2).

*®1 EHREBR

Tablel Summary of bacterial strainsand plasmids used in this study

Rl B Frikak Lhig eI
Strains or plasmids Characteristic or function Source
Bacterial strains

ZY05719 Virulent strain of SS2 isolated from dead pig Our lab

T15 Avirulent strain of SS2 DLO-Institute
ADbp Isogenic Dbp mutant of strain ZY05719 This work

E. coli DH5a Cloning host for maintaining the recombinant plasmids This work

Plasmids

pMD19-T vector Clong vector Invitrogen
PSET4s Thermo-sensitive suicide vector, Spc’ Our lab
ad-PSET4s pSET4S designed for knockout of Dbp, Spc” This work

3= 2 PCR & RS9

Table2 Primersused for PCR amplification and detection

514 5191F 51

Primers Primers sequence (5'—3)

BRI P9 LIl g

Restriction site Function

DBA-1
DBA-2

TTGTTGACGAACTTTTTTTCA
CACCGCTTTAGAAAAGAACAC

dbp-A CTGATCGTCGACAGCCTGACCAGCTAGAAAGTAC

dbp-B CGTCAACAATTTTTCGTTTTAA

dbp-C TTAAAACGAAAAATTGTTGACGTAAGATGACCAAACACCAACG
dbp-D GAGTCAGAATTC CCTGTCCCATGTAAGACTTGA

dbp-X CCCTGCTTTTTGTCAGCCACG
dbp-Y CAGCTTGGACTGGTCCACTT

Analyze distribution
of The Dbp gene
Sl | Upstream border of
Dbp
Upstream border of
EcoR [ Dbp
Detection
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1.1.2  EZERXFIFYES: Todd-Hewitt Broth (THB)
W+ 3 E BD 2wl PRI U EE . Premix
Tag™ . T4 DNA % #% i . DL2000 marker .
DL15000 marker, DNA f& DGR &, JER 4R
BUAH & T k3% TaKaRa SAEY) TREG PR A ;
kLR BUGRF A T OMEGA A w]; LM R
(SpctH)F Sigma 2w ; Ultrospec2000 %4543
SR F Bio-Rad /A +H]; Gene Pulser Xcell™ 7l
HLZEFLIUWF BTX A .
1.2 Dbp EEE SS 5N

M4 Dbp 44 ORF J¥41, FIH Oligo 6.24.
DNA Star #F%315 4 DBA-1 #1 DBA-2 , i1 PCR
il Dbp BERITEREHERR TR H Y 434 . PCR S AAFR
IR 25 pL, Hoh Premix Tag™ (4%
1.25 U/25 pL 1) DNA 47 , 0.4 mmol/L ) dNTPs,
4 mmol/L i Mg™") 12.5 uL, JEHERRTE 2 1 ZY05719
) DNA #i#2(100 ng/L) 1 uL, 514 DBA-1. DBA-2
(10 pmol/L)% 1 pL, ddH,O 9.5 L. PCR W FF
}: 94 °C 5 min; 94°C 305, 50°C305s, 72°C40s,
30 MiEFR; 72 °C 10 min,
1.3 Dbp EFEEEKAIDIEFNLEE

LI ZY05719 F:[H DNA R#itk, H5I¥Y
dbp-A/dbpB . dbp-C/dbp-D 435414 Dbp LK |- |
TUFFEJEREE ab F1 cd, SR LA AR A 514
dbp-A/dbp-D filis PCR ¥ 341 ad FB. 7ERRMIME
NI Sal T #1 EcoR 1 M T4 EHEBFIMEFT , ¥
ad 5 A AMEFCR: pSET4S T8, BhiE =Wkt
b DHS5o J&Z 385, #1614 ad-pSET4S
(& 1) WM 214 ad-pSETA4S HiEE{b A ZY05719
R S, RS KU R 00 46 i 7
BE, FFH PCR AN T4 22 .
1.4 EKEFESH

SS2 BFREFR ZY05719 I HkADbp Rk HEfh
EATHUAEZEM THB ARG SR I, 37 °C Bigeid
., PRBCRE TS, e T 37 °C. 180 r/min #ki%
KR . W H AT HEIEE TN ODgoo fH, %
WA ES] 1.0x10° CFU/mL, #% 1:100 M3

1289
T
‘ ) ad-pSET4S J J
a H [
aa . pPop T Teed
Homologous recombination
Outl Out2
| aab ced . |

Vs

Mutant strain ADbp

1 Dbp REMAEEREE
Figure 1 Construction strategy of Dbp gene knock-out
TYUERM S THB KSR IEd, 37 °C.
180 r/min JR¥HHEFE. DL THB ARSI M 23 1 0t
MR, BERR 1 h JCIORE, FHAEIEREHI E B R )
ODyg0, HELEMEL 12 h, L4 ZY05719 Flfk4: kR ADbp
) ODggo 25 57
1.5 FASFE

PRI THB “F-Hz A9 SS2 BF bk ZY05719 Flik
K ARADbp B VE T THB WIAR IR, 37 °C,
180 r/min IR5 K%, WIHL ZY05719 FIADbp B,
FHK i) PBS (pH 7.4) 4 000 r/min, 5 min ¥ 3 i,
BT W AEE TR —FH IEE.
1.6 HS&EFHARK

PREBUEF #Rk ZY05719 FiBdtkADbp &M 5 /Y
FATRYE T THB WA RE 5, 37 °C. 180 r/min R
DGR o TEIRFR 1% R 23T THB WA=
e, 37 °C, 180 r/min $R 15575 ODgoo 4 0.6,
ORI IRF) 1.0x10° CFU/mL, 10 f5 LR
#] 1.0x10* CFU/mL, #BE sk 8 4, 441 15
F, BEohmits st 0.02 mL/E, 12 h 5G]
S HBET HH L

2 GRESM

2.1 Dbp ZEFE 5N

it PCR JrikkaliZE [N Dbp 7F 95 #£(50 #&
SS2, 45 & SS HoAth M iSRG EEER & H 0 A o &5
SR, Dbp JEH 44 28k SS2 # Btk (44/50),
T HASEBEER T M B Dbp FER 4341 >(8/45),
3 MR LIRS
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#*3 Dbp ZEEF BT

Table 3 Distribution of the Dbp-specific DNA fragments

L3 iiRGi IR SR/ BE 173 L3R IR IS A/ B
Strains Serotype Source Dbp ' Strains Serotype Source Dbp
227 2 Sichuan 4 ZJHN090702 2 Zhejiang +
11611 2 Germany + ZY05721 2 Zhejiang 4
BAS8S53 2 ATCC 4 26S1 1/2 Sichuan =
NH4 2 Shanghai + SH28 1 Canada -
P4254 2 Germany = hb1001 3 Hebei -
9801 2 Jiangsu 4 ynl9 3 Vietnam -
hb1002 2 Hebei 4 090318 5 Shanghai -
hb1008 2 Hebei 4 ynS 5 Vietnam -
yn28 2 Vietnam 4 SH04805 7 Shanghai -
SS,-TY 2 Jiangsu + 090843 8 Shanghai =
SS,5995 2 Jiangsu + JX041226 9 Jiangxi =
HZ060601 2 Denmark = ynl 9 Vietnam -
SS,06XS033 2 Denmark + SH13 10 Shanghai =
SS,07JX1101 2 Jiangsu + ynl2 10 Vietnam aF
SS,07JX1102 2 Hunan 4 AH091106 11 Anhui -
SS,07HN137 2 Zhejiang + yn9 11 Vietnam -
LP081102 2 Zhejiang 4 hb1016 12 Hebei -
HNO0104001 2 Henan = 091120 14 Shanghai 4
CHZ-05806-1 2 Zhejiang + yn23 15 Vietnam -
JDZ-05802-1 2 Zhejiang + 0902-005m-x 19 Shanghai -
GHO05458 2 Zhejiang + 090202 20 Shanghai -
JX0908004 2 Anhui 4 HT50 24 Sichuan +
77192091101 2 Jiangxi = 090306 25 Shanghai -
JR05730 2 Sichuan 4 bs6 26 Sichuan +
7G05464 2 Zhejiang + ynl6 28 Vietnam -
SS-07-01 2 Jiangsu + 090416 29 Shanghai +
07-SS-01 2 Jiangsu 4 XZ202 31 Xizang -
07-SS-02 2 Sichuan 4 ynlS5 32 Vietnam +
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2.2 EFEEKRFRAAMEILEE

PL ZY05719 2 [F DNA Mif, PCR § 3G H T
Dbp () iR ab I N od, SAJARLA PCR I3
T Bt ad (1335 bp, &l 2). ZEARR ARG DI
fig 1 T4 DNA #ALREIMEATT , 4% ad B3|
T PSET4s |, SRIEH 24 ad-pSET4S HiF:
B ZY05719 (Bsz 85 40Marh , 514 dbp-A/D i
1791k, PCR 744 H 1 335 bp K/ A E:E, 5
ZYO05719 ZEAMRAL, BHEA T 525 bp, XIE &%
I Dbp H R B (Kl 3). BB R A BTk,
FH514 dbp-X/Y #EFT PCR 734 B #ik 2 ilg5
JeLER N /I TIN R , 255 o Dbp ZEH A B 2L 58
R, RIHC L RINHEE T ADbp SR Pk .

bp M 1 2 bp

1335

2 PCR =]
Figure 2 Result of PCR products
Note: 1: DL5000 marker; 1, 2: PCR products with ad.

bp M 1 2 bp

2000

1500 1 860

1000 1335
750

3 ADbp ER&kH PCR £
Figure 3 PCR confirmation of ADbp
Note: M: DL5000 marker; 1: ADbp; 2: ZY05719.

23 ESFHRR

BT BT TSRS R R, SS2 B EEfk
ZY05719 FIGKIRADbp HATE SRR, Y i
FIE S & Y, WIREASITHBRZES, HREJER
PP AT X 51, B bkADbp S5 EL i T T B 2 ik
ZY05719 (K 4).
24 HEKEMESH

SS2 B EERk ZY05719 FlkJ¥RADbp 7E 37 °C .
180 r/min ¥R HGFE, HFE 1 h U, 7EARIAEE SR
AT, LUSEFRI R AR AR, ODeoo NALTR,
211795 SS2 WFaEkk ZY05719 Fiiksk kkADbp 4=
K HIZR (K 5). 25320 ZY05719 FIADbp A= K iR
XA RIA 25, BlxfebEiE T30
25 ®WEEFHAE

AR EE ) SS2 BF8Ebk ZY05719 Fi Ktk
ADbp XTBE i FUEE, 12 h 5 IRIC SRS
(R RIFIETAEOL, FEREE 3 . AT SS2 mitk
Yfg s DB fa (MR A, IRk 215, MR 4

Capsule] ™ i a

CE

B4 HERSER
Figure 4 Microscope of wild type strain and mutant strain
Note: A: ZY05719; B: ADbp.

L6r & 7v05719

141
4T -m-ADb,
12t ?

210l
S osl
0.6}
04|
02l

O s s s L L s L L L s s
01 23 456 7 8 9101112
Culture time (h)

Bl 5 ZY05719 F1ADbp BV K< Hhzk
Figure 5 Growth of curve of ZY05719 and ADbp strains
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=4 ZY05719 F1ADbp B LDs, SN ELE R

Table 4 Calculation of LDs, on ZY05719, ADbp for zebrafish

TETHL
gl e BT A R Death number

Dose of challenge (CFU) Zebrafish number 7ZY05719 ADbp
2x10’ 15 15/15 15/14
2x10° 15 15/11 15/4
2x10° 15 15/3 15/1
2x10* 15 15/1 15/0
2x10° 15 15/0 15/0
LDso 5.97x10° 3.25%10°

NI EERE ZY05719 Y LDso M 5.97x10° CFU/IE .
B2 Bk ADDbp [ LDso Ky 3.25%10° CFU/JE . i S2i 4
SN %1, Dbp FEHR B, SS2 R FRE(GER 4).
3

TEHERRTA I KL S 8 ) R TG, 4R
M HATE AR Z 8 KA, a7 A DG
FIH T HRTER RS A S 2F BT AR
THX SS2 (8 Sy AT gY , P sE ik N 2
BER, FORERBELER THED
O i 1 Ho AR R 2R (0 ks SS2 BRI
FRUESIFERR T15 FISRAERE ZY05719 B4 T T A BL R
G HEE, 3R T15 HRJEIM ZY 05719 HA By R AL,
HiBR L et e /1, W nadR. Rgg. RveS
45, ikt T Dbp JEK . Dbp BYJFHRIEHE(ORF)
43 537 bp, LT REIZHI) 1416 248—1 416 784 i & .
ZIEH G 178 IR (aa), SFHL N 8.56., Dbp
() aa A0 A4t SR /R Dbp JER 510 bR 45
IR, AN S22 1T Dbp KPR 7R % S BR i K HA
g s o R I AT

AMFFE TR 95 MRAEBEER I H R 25 A AN IR]
X ASFRAEAR G & 955 o PCR BE R 43 K 7
Dbp KERAEAET R Z 8 SS2 Hr, AR Ky 88%, i
T 5 4 Bk L I R R A, BHEER N
17.8%, UiHH Dbp ZE AR SS2 5 e PR A AT IR ~F 2
, HATRE S BEJIAHOG
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2t %t Dbp AZRR K S SERR T A W /3BT KB,

Dbp A —47E X 18(26-81 aa)'5 XRE #45%H 1
BRI AR e P R, 7 M- f -IBUE 1Y DNA
S5 X, iy DNA Z5G8EM . Pl spa Hifh4:
W OMEBRE & SN F——A A, XdrA 4 spa
MR 2+, RIS 5 4 o 6 8 2 BR T Y 300 o
TP, XdrA HAG ] XRE #AS AR LA 25 4% £ -
WRTELERL , AR RSF Y DNA 2552 M, I Dbp
[FFER DNA 56 A SAmE M e, Hnl
REfEThRE L5 XdrA 2500, (AP Rk, it
Ak, SarZ HEHI DNA 256 E M, H5 4808
I ERTA A S0P A ST AR S0 58 1ok 5 DN Rt B
A, RAFHLN R ARRADDP, i A YA AR
RIS HEADDbp 5 SS2 B REfk ZY05719 AHEL, ik
JPkADbp B#E ST TR, 1500 Dbp JEK7E SS2
o A & —E R

2 £ X #k
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