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Construction and virulence analysis of the SSU0448 gene knockout
mutant in Streptococcus suis serotype 2
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Abstract: [Objective] Gene knockout mutant A0448 and the functional complementary strain CA0448
were constructed to investigate the role of SSU0448 gene on Streptococcus suis serotype 2 (SS2)
morphology and virulence. [Methods] Based on the principle of homologous recombination, the
SSU0448 gene was knocked out in SS2 virulent strain 05ZYH33. PCR analysis was carried out to
identify the mutant, then screened the functional complementary strain CA0448 containing the
SSU0448 gene expressing plasmid. The morphology and virulence of the established strains were
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examined. [Results] PCR analysis and DNA sequencing identified the knockout mutant A0448 and the
SSU0448 gene was completely replaced by the spc' cassette. The functional complementary strain
CA0448 was also successfully constructed. Gram staining showed that the mutant A0448 grew much
shorter than the wild type 05ZYH33 and faster to reach the plateau phase. Deletion of the SSU0448
gene did not change the virulence of SS2 in mice infection assays. [Conclusion] Knockout of SSU0448
gene obviously influenced the chain ability of Streptococcus suis serotype 2, and its deficiency has no
significant effect on the virulence in the mice model while it may delay the pathogenesis.

Keywords: Streptococcus suis serptype 2, Gene knockout, Virulence, SSU0448

2 RUREHEER R (Streptococcus suis serotype 2, SS2)
SR E A IR EOR T . 20 i 90 ARAR
W, 2 AUBRHESKEITGRTE IR 2R . DU S5 Hb ) HE
AT 1998 4FF1 2005 A3 SI7EH [E A9 7195 Fe i
FNDG ) 5% BH 2% A 1 R RS E BE K T e N 2 3t
DA, SREERMZFHIRN, B 2 REsE
BREA A8 3 3R I v HE K 5 255 4iE (Streptococceal
toxic shock syndrome, STSS), FET- K& ik 81.3%—
93.6%, SIEEEMNAMNAZ T R
SRR KA, Bk 2014 4, 2 BOESERRE B 4
B E 30 ZAEZRAMIX, FEHFEENGIE T
F/0 1600 ] 2 BUBFEERR T B A 4E2 R
2 RUSAHERK A EOm AL BT 580 T 1B 1240 1Y) & A=
AEEME L, MEVRIRA, BORBEZNT ]
R i, ARG HAEBOR R L2 MPE, K
HOTLAM A 3 AN (1) MERERHE T 3%
Z #i(Capsular polysaccharide, CPS). ¥ #i i B il &
1 (Muramidase-released protein, MRP)FIffd7hE -+
(Extracellular factor, EF)* . ¥l % (Suilysin, Sly);
(2) HANE: WA= S M (GDH) . i I il
(Enolase) I 4 2 BE M it S V45 5 (3) sl 3 14
T rgg® . cepA™ | argRP, Horb, BESEEAYA
TARHEIES SMEN RS, BRI A
HFiik, SEma LAY~ DiRg, HEmsos 4w
o

WIFEIESE, RS SRR = ) e
A B A T B Y G RG serB BB HAL 4
W -6- TR /K fife A 1 A FLIE IR, scrB HBRR AT
AN 108 manN 3 DR H BRARRE S 0 B R

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

B, ZIEIN B t s SRR TAIRRIRT. sk
AN BT T, HIEWE 2 hth 5
R B, S0 1 S BB 0 DR 47 20 TR B A WP RS
B, XTI AEAF LA R X bR cps2B FEH
REAS B ASSE R AR B, BN B 7 7 A5
WV R A LR NeuB BRI RENS Ul 55 55 4 Bk 1
X E WEAM IR BT A ERE J) T I SO A B ER TR 1) 7
F1o SRS IR B BR B B v A 2 ma pL ]
FEASHHH

AR AE 2007 AEEA5ER T 2 ARG HERRE
SREFPR 05ZYH33 AYSERAL I RE, i 3k R 2 i
AR 1T 45 A 4 B #E N A 05ZYH33 W Bk P
SSU0448 FEH W BESE: agaR HEH, 25 N-ZfkkEFL
W RGN LR (A o A58 R )R B 2 ) D
B, AER T R A R YU L WA
SSU0448 FE[H 1T 1t [R1R 751 i SE R i Ak, ¥
ARG LR R 05ZYH33 JEZ2 5410,
W PCR ik SSU0448 FERBR AR, FEXT
GEAF KRN A A WA R AN BSOS 7400, 460
TE SS2 1 SSU0448 TR Xt 4 B A= W2 Rk AN 0w 1
AT

1 HES i

1.1 #8

L1 EHR. BRIANG|4. ASUR AT ERR . ok
L5y 1.SS2 SEEUkK 0SZYH33 735 F 2005
AF DU )1 %% BH b B K v 25 G0E (Streptococcal - toxic
shock syndrome, STSSY ARSI 514 L
TEAEEE R AR A F G B MEEEERA A THB WA
FFR A E RS . KIBFF#E A LB (gL, A



FRT5 TN 2 RURHEBK TR SSU0448 K& iR SR AL Rk it e 3 7 1719

F1 EHE. FRAFAS14Y

Table 1 Bacterial strains, plasmid and primers used in this study

Wk, BRI RS

Bacterial strains and primers

Phenotypes and correlative characteristics

FIU AR KR

Sources

[E5E/S 05ZYH33 MER 2 A, SREhk KRBT
Bacteria strains— Ag44g Bt AR
CA0448 M52 2 B Spe', Crm'" ARG
E. coli DH50, X4
BL21(DE3) X4
JE kL pMD18-T T #A, lacZ, Amp" TaKaRa
Plasmids pUCI18 Ampr
pUC18-0448 SSU0448 wERITAL, Spct ARG AL
pSET2 E. coli-S. suis ZFHTRL, Spc’ AR LRAT
pVA838-0448 SSU0448 M Z ki, Cm', Em' ARG
21y L1 GAGCTCATCCCTCAACAATCTTGGTAAT (Sac 1)
Primers L2 GGATCCACCCAATAACAATCAAAAGTAG (BamH I)
Rl GTCGACAACTTATTATACTAAATTAGTT (Sal I)
R2 GCATGCCATGTACAGATTCAAGGAGCC (Sph I)
Spel CGGGATCCGTTTTCTAAAATCTGA (BamH I)
Spc2 CCGTCGACGTTCGTGAATACAT (Sal 1)
Inl CCATCACTTCACCGCTAGTACT
In2 CCTTTGTATCTCGTTCACGTAA
Outl CGTCGTGGTAAGATTACGCTGG
Out2 TACAAGCGGTTCTGCATACTCT
0448F GGATCCGTGGAAAGGAAGGAAATAAGTATG (BamH I)
0448R GTCGACGCGATGGTTGGCTGTAATTTC (Sal I)

J 10, BERHREUY) 5, NaCl S)yRARS F AP 5
1.1.2 EERF. SN ER: RGN I
Sac 1., BamH 1. Sal 1 #l Sph1, T4 DNA ¥%EH:
250 bp DNA Ladder Marker, Prime Script'™ Master
Mix (Perfect Real Time), JFiki DNA $2£H(F1 PCR §”
A&, o8 TaKaRa AF] =6 3R HRBGR
Mg, FHEEEmAEY TRA R 5 Todd-Hewitt
Broth (THB), 4 H Difco /2wl ; DNA & [N &
FLEC RNA $28GE7] 4, W H Promega /A7 ; Gene
Pulser Xcell™ #IH 28 FLAY, Bio-Rad 2\ #]77 i

CFSE-Live Cell Labeling Kit, ZR{-Ab2#RHE( )
HBR/AF]; BD FACS Calibur BN 40, &
BD A H]7Pi; Hep-2 4ili(CCTCC GDC004), A%

A7, RAW264.7 (ATCC TIB-71, Rockville, MD,
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1.2 SKIEEn4)
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N R4 R B2 b B S sh bt o
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itz , F Spcl/Spc2 ¥ H&H- W EE R Pt A (spc
cassette) " Bt . PCR ¥ #{K & (25 pL): ddH,0
18.3 uL, 10xPCR buffer 2.5 uL, dNTP mix 2 pL,
L3S 19(10 pmol/L) 0.5 uL, FF514(10 pmol/L)
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0.5 pL,Ex Taq B(5 U/uL) 0.2 pL, 44 (2 100 mg/L)
1 uL, PCR #"84444: 95 °C 5 min; 95°C 5 s, 52 °C
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200 Q 125 pF., HALLESRIE, AR TR T THB
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PR H L BT B3R, 37 °C. 225 r/min 3374
Pe¥EFE B2 L BRI , ] Inl/In2 #17 PCR
BT, XFF Inl/In2 ¥ AMBATER R4, FEH
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YIHEATHOAE, SRR 2 Y BE DL ARk 2 Rt T
AEYRHEABR AN, S FHA G 12828 v
Zh A0448
1.3.3  E4ME CA0448 RIMIZFILE: L) 05ZYH33
SR AR, H 5P X 0448F/0448R P 1
SSU0448 FER 4K, PCR P23 423 [0l &2 2878 i
Ori Amp

pUC18-0448

Sac1 BamH 1 Sall Sph 1

El1 SSU0448 ERERFRERAEETEE
Figure 1 Construction of gene knockout plasmid
pUC18-0448
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WE RN U AR, BOEUE S AR 3 AR
WA 1 mL, JefE LY cDNA, DIt A, LA
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i PCR il = 5 iz A0 i % 09 &£ agaY
(SSUI259) . agaS (SSU0195). bgaC (SSU0449) .
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(SSU0452)FRTEIL, Bl stk R 2229 5
AT, E R PCR BT 95°C305s; 95°C5s,
55°C10s, 72°C5s, 40 MEH; 65°C 15,
40°C 10s,
1.8 /PMREBURMXE

SPF 2% BALB/c /il 40 H, 44 10 B, Fl#HL
T4 A, BOS g IR 3 M, H THB 5%
Fe R AN B E 2 1x10° CFU/mL, 78Kk
2 | BRI RE EAMALALIE S | mL EK,
25 N R AL FERI AR [R5 5 () JC T THB WA 373

2 ER5HH
2.1 SSU0448 BEERGRTHRIEIIELEE

pUC18-0448, JFXIHIEATEIE, (1) KRS
(L1/L2., Spcl/Spc2. R1/R2, L1/Spc2. Spcl/R2,
L1/R2)XMHG A TR pUC18-0448 #EfT PCR 4"
W A EI R BOONIESE 2, S5RmE 2A
FiR o (2) TRl BUR AT RIS IR, £ A Y)
PN SIS U EYIA , ST 6
ZMAN BORZIR F BE(R] 2B). (3) X E4H TR A T
J¥, 78 L. spd Ml R Jr BoBREREBIRIRBoRL, 3%
FENP IR, UFESCE A R A )

2.1.2 RTHREIRGE: MR Bk pUCIS-
0448 HLFE L 05ZYH33 JRAZ S 4 2 5 1) THB ~F-4l
(EPEMERDUE) ERRIRCRIETE T THB Kigrdkrh
(FW B YT R FR 12-24 h, B2 pL /iR,
FH Inl/In2 #£47 PCR ¥ 35S K/NH 449 bp), H:
W1 BRI ZE SRON A, BERIEE PR ERAR (R 3A).
2.1.3 EIHKk A0448 B PCR £ 7E: 1F SSU0448 3
R A B L AR AER T SN AMIU B i — X
1) Outl/Out2, GRS Bk 5 4 T B R 41 % A=

211 FURRBRRIAOMIEE: 1CHOE TOLNEER R BUE AR RLEE D SS e, RABRKRHT Spel/Spe2. Spel/
A B
bp bp
4500 4500
3000 3 000
2250 2250
1000 1000

&2 BiFRBR pUC18-0448 L8 F
Figure 2 Identification of gene knock out plasmid pUC18-0448
. A M: 250 bp DNA ladder marker; 1: 5[4 L1/L2 "= ¥)(1 026 bp); 2: 519 Spcl/Spc2 ¥ 1#4(1 130 bp); 3: 714 R1/R2
P4 H)(1 024 bp); 4: 514 L1/Spe2 #7345 (2 056 bp); 5: 514 Spcl/R2 F 14 H)(2 054 bp); 6: 7|4 L1/R2 ¥ 14/ #)(3 068 bp). B
H1 M: 250 bp DNA ladder marker; 1: pUC18-0448 Sac 1/BamH 1 IUEHII#)(4 829. 1026 bp); 2: pUC18-0448 BamH 1 /Sal 13X
E§I= (4 718, 1142 bp); 3: pUC18-0448 Sal 1/Sph 1 3UEFYI ™ #I(4 843, 1018 bp); 4: pUC18-0448 Sac 1 /Sph 1 X"
¥1(2 150, 3 710 bp); 5: pUC18-0448 BamH 1 /Sph 1 XEEHIF=#I(2 154, 3 712 bp); 6: pUC18-0448 Sac 1 /Sph 1 XUEHIF=HI(3 180,

2 686 bp).

Note: A: M: 250 bp DNA ladder marker; 1: PCR products (1 026 bp) with L1/L2; 2: PCR products (1 130 bp) with Spc1/Spc2; 3: PCR
products (1 024 bp) with R1/R2; 4: PCR products (2 056 bp) with L1/Spc2; 5: PCR products (2 054 bp) with Spc1/R2; 6: PCR products
(3 068 bp) with L1/R2. B: M: 250 bp DNA ladder marker; 1: pUC18-0448 digested by Sac 1 /BamH 1 (4 829, 1 026 bp); 2: pUC18-0448
digested by BamH 1 /Sal 1 (4 718, 1 142 bp); 3: pUC18-0448 digested by Sal 1 /Sph 1 (4 843, 1 018 bp); 4: pUC18-0448 digested by Sac
[/Sal 1(2150,3 710 bp); 5: pUC18-0448 digested by BamH [ /Sph 1 (2 154, 3 712 bp); 6: pUC18-0448 digested by Sac 1 /Sph 1
(3 180, 2 686 bp).

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



1722 WA 28R Microbiol. China

2015, Vol.42, No.9

Out2. Outl/Spc2 #H17 PCR ¥ B fie 14t 457
MG Inl/In2 (G SSU0448 PIEB)Y 1578 bk
WITE 449 bp 1) B BB 5 AR & A WUEE (14 B A
Pk 05ZYH33 H1, BR514) Inl/In2 A[155)] SSU0448 3
KNS 449 bp K/NBY R BEAE, HARGIWXTE) PCR
AR . R LR A PCR KGN ik, )
75 EI 10 SE AREBR PR R IEA T PCR 257 , &4l 14 ™=
Y1) /N5 T S A WSS 6 2 A e 4 i — 3 (1R
3B), Outl/Out2 4 B4 5 AR BTA5 1 7= Wk il /¥ 2 ]
FFYGIE, FPAIERG, 2 SSU0448 FH E 88
2.2 INREE AR CA0448 BUFEFNLEE

2.2.1 PCR #if: Jyib— RS 988 bk A0448 7
AR AN B ) O TR = SSU0448
FE AR RR B R, WA A KA R g,
0448F/0448R 714 SSU0448 FEH 14K, kg 1 [[]
52 PR pVAS38-0448 , f pVA838-0448 Hi % {287
Pk A0448 JRZS YL, 78 THB BTk AR (FH s

bp

500 —

EPUEML T RN PR TSI TR, PCR
PHGEEFRY), AR IR BRI A GEAER A0448
EAZ S AR, DIRe B AME S XF Inl/In2
Spc1/Spc2 .0448F/0448R 17 PCR #3434 fef5 5 fH
PEgER M AR Rk Spel/Spe2 47475 2 B P45
ZEARKR A0448 T U HBERSINNEY Spel/Spe2 4 3 5%
W, RIS 2 D)6 B AME CA0448 (&l 4A).
2.2.2 RT-PCR 33 i3 & PCR FIFiHESE T
SSU0448 HETE DNA KRS o hyitk—2P ik
HAEE SO, $RITRE EAME CA0448 1
M RNA R#E )5, H Inl/In2 3847 PCR ##%, PCR
Y1 F B AR A BN EIE R/ 449 bp), 20
JEHIN, IESE SSU0448 FERTERE 3K T E &)
[m1 %3 (&l 4B).

23 REHEREFRES

231 HERKEFRE. LSHI%700 A0448 . BrA:tk
05ZYH33 S5INfEE AME CA0448 Ay K IZ (K 5),
A RR A0448 THEFR 3 h Z2 Ak AR, A=

3 SSU0448 EFFEHRRTHRAT PCR TRk L5 R

Figure 3 PCR screening of gene knockout mutant A0448
IE: A: M: 250 bp DNA ladder marker; 1: RZAHK 1; 2: RAKK2; 3. MK 3; 4. B 4; 5. B S; 62 "L 6; 70 R

KR 75 8: 287454k 8.B: M: 250 bp DNA ladder marker; 1: 5[4 Inl/In2 §"3 05ZYH33 JLH41; 2: 514 Inl/In2 §"1 A0448 I
#H; 3: 719 Spcl/Spe2 ¥ 1S 05ZYH33 JEFIZH; 4. 714 Spcl/Spe2 714 A0448 FEHZH; 5. 714 Spel/Out2 ¥71#4 05ZYH33 FLFI4 ;
6: 5% Spcl/Out2 34 A0448 JLH4L; 7: 514 Outl/Spe2 51944 05ZYH33 SEH 4L ; 8: T4 Outl/Spe2 ¥ 1 A0448 JLH 4.

Note: A: M: 250 bp DNA ladder marker; 1—8: Mutant 1-8. B: M: 250 bp DNA ladder marker; 1: PCR products of 05ZYH33 genomic with
In1/In2 (449 bp); 2: PCR products of A0448 genomic with In1/In2; 3: PCR products of 05ZYH33 genomic with Spc1/Spc2 (1 130 bp); 4:
PCR products of A0448 genomic with Spc1/Spc2 (1 130 bp); 5: PCR products of 05ZYH33 genomic with Spc1/Out2; 6: PCR products of

A0448 genomic with Spc1/Out2 (2 335 bp); 7: PCR products of 05ZYH33 genomic with Out1/Spc2; 8: PCR products of A0448 genomic
with Out1/Spc2 (2 268 bp).
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Figure 4 PCR identification of functional complementation of gene knockout mutant A0448
#: A: M: 250 bp DNA ladder marker; 1: Inl/In2 ¥ 3#§¥FA- 8k 05SZYH33 MSEHAL; 2. Inl/In2 §74% A0448 HFEHL; 3: Inl/In2
P CA0448 BYFENAL; 4. Spcl/Spc2 ¥4 05ZYH33 AYFEH4H; 5: Spcl/Spe2 #73 A0448 AYFEHZ; 6: Spcl/Spe2 ¥H CA0448
HYFEIRIZ; 7. 0448F/0448R P18 05ZYH33 AUSEINZH; 8: 0448F/0448R 11 A0448 HYILINL; 9. 0448F/0448R 18 CA0448 [l
HI4H. B: M: 250 bp DNA ladder marker; 1: Inl/In2 #"HEEFAE R cDNA; 2: Inl/In2 473 A0448 ) cDNA; 3: Inl/In2 1 CA0448
Y cDNA.

Note: A: M: 250 bp DNA ladder marker; 1: PCR products of 052YH33 genomic with In1/In2; 2: PCR products of A0448 genomic with
Inl/In2; 3: PCR products of CA0448 genomic with Inl/In2; 4: PCR products of 05ZYH33 genomic with Spc1/Spc2; 5: PCR products of
A0448 genomic with Spcl/Spc2; 6: PCR products of CA0448 genomic with Spcl/Spc2; 7: PCR products of 05ZYH33 genomic with
0448F/0448R; 8: PCR products of 05ZYH33 genomic with 0448F/0448R; 9: PCR products of CA0448 genomic with 0448F/0448R. B: M:
250 bp DNA ladder marker; 1: PCR products of 05ZYH33 ¢cDNA with Inl/In2; 2: PCR products of A0448 ¢cDNA with In1/In2; 3: PCR
products of CA0448 cDNA with In1/In2.

140 N— WS THF A AR 05ZYH33, A7ERSE 11 h 5.
.O. = YL 2N N s
i | AN 232 FASEERG ALAERFFOESER, 2 BUEEERRT

{F CA0488 REFEAR I FAR b= AR B B I KR8 bR
A0448 | P KR 05ZYH33 HINREE Mk CA0448 4%
FiF&H 5%487F10 THB “FAR |, 37 °C K537 24 h
JE¥AERKEKAE ., BUE . REWNA/NER, 3 f
HRR IS Y AR 2-3 mm, 7% )& Bl
WILAY B INER, FEREZYN 1-2 mm. —FHAU¥INL
e Ew s o ow oo oy TV W W 22 7

Ot st R 233 BERRE: JUIEUERIIZOE A0448 5
5 ZRTHE 05ZYH33. A0448 F1 CA0448 BU4E K2k SRR 05ZYH33 . DG AME CA0448 JiATH: IT
bb#k et WHBE( 000x) T A BL: —HH LR
IR, WAIEE N EDE SR, SERRHE
§l. SHPAERE 05ZYH33 ML, ZRAEHR A0448 [

0.84

OD600

0.56

0.28

Figure 5 Comparison of the growth characteristics of
05ZYH33, A0448 and CA0448

KR WG T B AR MR 05ZYH33  FI I fE B oAb BE
CA0448; BFAEHk 05ZYH33 FIThEEH #Mk CA0448
KRR 12 h G ARG, MRAERR A0448

IRHES B A AR A0, RUBERE 1 I 55 5
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Figure 7 Evaluation of adhesion ability of A0448 mutant
by flow cytometry
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Figure 8 Evaluation of anti-phagocytic ability of A0448
mutant by flow cytometry
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Figure 9 The relative gene expression of the GalN/GalNAc
metabolism pathway
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