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= EUE I 2 BUIEEEKE plcR ER R RIABIE R EHEXREY
FHAER IR
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B OE.[869] MESE R 2 B4R E 05ZYH33 @4k plcR A FE S A4k, @il ki RE
MEFAERAYFZAFME £7, AR plcR AR £ 2 R ss sk Hom T2 Fa9tE R . [Fi%] #)
FA B R E LRI AR plcR A B, % %X XL PCR & RT-PCR %2 50 ¥k, R FAME R
TRARAMFHFEGERF, DRXEFFERHH plcR B AT @i F A0 %h. [£R] 2
RT-PCR iE % 05SSU0241 5 05SSU0242 3:4% %, @it % & 3 L PCR A RT-PCR iE 5 A M #E
PIcR A BBk REM, AAAMZHHETREMNARKER. FELLS, BhFEHHLLH
HE, PREAERBLERIL T, FARKFODIRLTES 70%, REMRKIEH DAL TE
A 40%, FHERFAMRITEEIL. [£4] plcR R EEAH 2 AR sE R A A B 20 F 454 69
SRR, EmE R TAEETEER.

KEIA: 2 A HRE, 44F0REET, pleR AE, &k

Construction and characterization of pIcR gene knockout mutant of
Streptococcus suis serotype 2
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Abstract: [Objective] To construct the pIcR gene knockout mutant of Streptococcus suis serotype 2
(SS2) highly virulent strain 05ZYH33 and analyze the role of plcR in the pathogenesis of SS2.
[Methods] The plcR gene was replaced with a spectinomycin resistance cassette through homolo-
gous recombination, then multiple-PCR, RT-PCR, and sequence analysis were performed to identify
the knockout strain AplcR. The effects of plcR deletion on the basic biological characteristics and
virulence of SS2 were then determined in this study. [Results] The results of RT-PCR confirmed that
05SSU0241 and 05SSU0242 should be transcribed as a single operon. The isogenic mutant AplcR was
successfully constructed verified by multiple-PCR and RT-PCR. No significant differences in bio-
logical characteristics, including growth rate, colony morphology and hemolytic activity, were de-
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tected between the two strains. Pathogenic trial in mouse showed that wild-type strain induced high
fatality rate as much as 70%, whereas the ApICR mutant caused a 40% fatality rate. Obviously that the
virulence of the ApICR mutant was attenuated remarkably compared with the wild type. [Conclusion]

The plcR gene, a foreign gene exclusively existed in virulent SS2 strains, plays an important role in

the pathogenesis of SS2 infection.

Keywords: Streptococcus suis serotype 2, Transcriptional regulator, pIcR gene, Knockout

2 ARG BR T (Streptococcus suis serotype 2, S.
suis 2 B SS2)/E—FhE L N A AL AL YL i
A SS2 P AT Zo SN InAE | AR L %
TR ODNIER S AVERET, I HRT @R AR
USSR S S T E S X S ON N S Y 3 s | VA e N 75}
BB, AU A R I3 B R 2
e g, i ELGTAE G AL A 51 B i e T A Bi™ B Ja
Wy, E B T K A e AR, T
PR, e 1998 AFVLIR4 A 2005 4F- 10114
KPR L P SS2 Y N3t DA,
S 200 A PIG, LR FIX 62.3%-81.3%, K
P R EE  V A i i1 & /NS S U o o
C R ENAMIFFEN BB IZ T

BEAEXS SS2 #: 1 Al oy 248 vh T A~
HIEFREREETE, HRCZRKHEZHM SS2
I, 35 JEMZ B (Capsule polysaccharide)
% M % (Suilysin) . % W OB B O A
(Muramidase-released protein) . i #p &5 H K +
(Extracellular factor) . £F %8 [ -4F 4 RS &
[ (Fibronectin- and fibrinogen -binding protein)
SEBTY BRI X el DR S T 2 o i AR U
K& I H A R A oTik, BN
o WHEEP, 78 SS2 Bumi R, XEedE I
FIRIRTEA R IR AR Y, T A % s 42 ]
TR R A AR A TR, SRR SRR 2
RT3 S A A X — it K g ik — 2B PR AR
SS2 HUAILHil S LA . A PRSI ZH /i A A P RE R
A AR AR, RGO T 18 MRAN ) B
JIFRIER) SS2 ARSI AL, % ik #EbkiEaly
— SR B R, I SRR PIeR
(Pleiotropic regulator) . i§if# Lipase .53 1E i Sortase

WEBMEEN . IVTHE T RevS Ml CtsR 255,
Hor oyl . RN AYE R F RevS S IRENFIEE
A M SCHRARED ', s SR EER T PIeR fEA
— AT AR R ey = R T A
<, BRI A DL SRR 1B AR T 8 B TR
YEH, B ETHE TIRATH SR

AR F PleR J&—AN) 2 AFE T 2F
AT B (Bacillus cereus)Flfi 2 4 ZE AT 1 (Bacillus
thuringiensis) 1 1 ZR0RE R F, RIS 2R EEH
K 1 it AL H5 R B BE TS C (Phospholipase C).
%1l Z (Hemolysin) . 25 [1 /i (Protease) . 4 fifd ¢ 1A
[ (Cell surface protein) . J& A% K # =
(Membrane-damaging toxin)Z5 a3 4k
WG B2, ATRBAE SS2 etk 05ZYH33
(2005 AEPY I g 7 bk ) 3 PR 4l P A7 FE TS 2k Y
plcR [A] I % A (2 ] 4w 5 i 05SSU0241  Fil
05SSU0242), SRT X P> A e 7 FL s ik H R
AW FIEEMAERE, B H AT AR L SCER R E
PlcR 7EEERA R RB WSS THIIMEE. H
WG —[nlf, FATE S IR E vk, T
XA R[] e 2 R 28 AR bk, bl H: B A bk
05ZYH33 ‘W)t 22 5%, W RGEWEFE PIcR
FIHTRE ST AL 25 S
1 RS h%
1.1 BE#k. RAL 514, KBS RIEFFE

ARSI BT TR AR B0k S 51 L3R 1k 2,
S RIELN G . BALB/c /NG F AR SL5
sl MEME, 4-5 JEIB(15 g £4), SPF 4.
TSI AL (PR 1) SpectraMax M2/M2e T
Molecular Devices /A ], SS2 #E Todd-Hewitt broth
(THB) (Difco Laboratories, Detroit, MI)F¥sIl 2%
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Table 1 Bacterial strains and plasmids used in this study

IR/ Tk

Bacterial strains/Plasmids

RHIE/DIRE

Characteristics/Function

Source

S. suis 05ZYH33

Virulent strain of SS2 isolated from patients with a toxic shock-like syndrome

Lab collection

S. suis AplcR The deletion mutant of plcR with background of 05ZYH33, Spc” This study

E. coli DH5a Cloning host for maintaining the recombinant plasmids Lab collection
pUCI18 Cloning vector; Amp" Lab collection
pMD19-T Cloning vector; Amp" TaKaRa
pSET4s Thermosensitive suicide vector in S. suis; Spc” [14]
pUCIS-LSR A recombinant vector with the background of pUC18, designed for knockout of This study

plcR; Amp'; Spc”

R2 ALEFAASI

Table 2  Primers used in this study

5147 2 oA
Primers Sequence (5'—3") tlit)enStsrilt(;-s

LA-F GAATTCATGCTGAGATGAACTGGG EcoR I
LA-R GGATCCTTACATCTTAAATAAAAT BamHI
RA-F GTCGACTAATCAAGTATAGATTCT Sal I
RA-R GCATGCTCACATACAGCACCCTTT SphI
Spe-F GGATCCGTTCGTGAATACATGTTA BamHI
Spe-R GTCGACTTTCTAAAATCTGAT Sal I

in-F CCTTATCACAACGCTTACA

in-R CTTATCTCGCAATGTTTCA

0241-F GAAGAAAGGAACTTGGCT

0241-R TAGGAACGAGTGAACAGA

0242-F GGAAGAACTTAGTCATCGAA

0242-R ATAACTATTTTGCGGACC

GAPDH-F TATTTTCTGTATTTTTTC

GAPDH-R GAAAAAATACAGAAAATA

out-F ACAGTTAGCGGACGAGAT

out-R CAACAGTTGTTCCAGCAT

T B PR U 0 35 35 3 (THY) 35 3%, KT 1
LB 3R 9% B BL Ui A: & (Sigma),
SIAERN LAERED NN AVEFER
100 mg/L, PUFZE 5 mg/L, HMWEEZE 100 mg/L.

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

1.2 SMEEES

F 56 [ K A 9 B R A5 L bl (National
Center of Biotechnology Information, NCBI) |- fir#2
AEFI AU EE X T 2 (Basic local alignment search
tool, BLAST)X plcR 3 A 4 fid r= ik £ 14 2R 43t
iz H Pfam #K {F (http:/pfam.sanger.ac.uk) F
InterPro  (http://www.ebi.ac.uk/interpro/) Tl M H
hRE.
1.3 EFEFRIKEIIE
1.3.1 EFEFFRERAIEE: Ll 05SZYH33 Bk
LR AR, 435194 pleR 1 RIF29 1 000 bp
K/NH R B o [N LLBORE pSET4s Jgfsid,
B pokr b AW EE R PUESE ) &(Spe"), AAJmiE
it D) 3% 452 1) 7 s 34 B se e 31 pUCL 8
TE R —> Spe" BLELA pleR 1T i [R5 1 R R
JFkE pUC18-LSR,
1.3.2 plcR EE BRI FIES L E: 2% Smith
SN gy i 4% SS2 05ZYH33 MBSz 4. 18
25 uF, 225 kV. 200 Q ZEEMET, K mlBR ok
pUCI18-LSR Hi#44k 05ZYH33 &2 254, 37 °C.
160 r/min ¥EIKIEFE 2 h 5 , Fefh T HEE R BUrkm
THY “FAR L, PEEBCEH B A SRS pleR ARSI
¥ in-F/in-R #£47 PCR 0 , FHAF PCR W5 BI1EAY
A SESRAL TR MR VEA T 2 HE 5 L PCR J6 PCR 7" #) ik
R LRI Py M€
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1.4 EFEBEFERERS TR RT-PCR £E

PRHL 05ZYH33 FLEE 7% S I 35 uF 1E 4 1) 58 A8
FE(ApICR)PAY% T THY H 37 °C. 200 r/min &%
BRI, R H A B 1:100 LR 22587
fif THY HE59% 2 X504 K5 1 (ODgoo 4 0.8), HX
1 mL & SV &L RNA $2HURF] & (Promega)fili 2
YT 5 RNA, SR8 Revert Aid™ First
Strand cDNA Synthesis Kit (Fermentas)ifi %% 5% 4= i,
cDNA H F RT-PCR. &£l 05SSU0241 5
05SSU0242 2357, I H 4w R plcR
FERRFR S, 2350k 052YH33 3[R 4H cDNA DX
KB R cDNA st , Y34 45 B A )R 5 |
¥ (in-F/in-R , 0241-F/0241-R, 0242-F/0242-R ,
0241-F/0242-R)#k1T PCR, 7. gapdh & % 5 KA
XFHE SN 45 HRE 4B S L PCR P=#)iEF 7 LK,
JUE-SE
1.5 FEKSRBEREREYF IR L
151 ERKIFRER LR EMHFEEFRAMT, PR
BPA: Pk 05ZYH33 FZEABMRAPICR FAEETR, 434
FF 5 mL THY i35, 37 °C JR¥EHEFE 18 h,
K H BGOSR B WIN ODeooo F THY 577504 — K
T B AR R e B . 2R T 0.5 mL THY f, JHEf
PRALEE 2 hll—1C ODgoo, H4 B 22 il A= 1 it
&, Wi EHEALLER.
1,52 AMIMEAIEEE: ¥ 05ZYH33 FiApleR H =
AL RN T THY AR IM-F-AR b (5 6%felfl),
F 37 °C BB # 36 h, WA H WISTEA LA I
EHERGAEE
1.6 PRI

S 2 W m AU I AR 43 S Pk R
05ZYH33 FIAplcR HIg %, T THY i3 5krh 37 °C
PGSR 18-24 ho KT LL 1:100 G ACHAN T
BERSPUIER) THY Kigedb, 37 °C #rE ki
% ODgoo=1.0 (5.0x10° CFU/mL), F- I THY 4%
BB 50 FR5(BIBE N 10" CFU/mL). fiff FH A i
TS, BOPFP R AR Y B AS 1 mL 43 B et
BALB/c /N, #4120 H. UM S5

PAARAE , A W 2L/ 0N BRI & 995 155 0 B A7 1 s [ 1)
25
2 GRG0
21 EMERESH

SRR FIEVE L 45 SR B, 7E 05ZYH33 J
PRI H, 05SSU0241 BE K gt 7 4 55 WA 2 AT 14T
PlcR #E A RYAHBITE N 46%, 05SSU0242 H K 4 fh
FEH15 PleR 25 1B AR BRI >h 28% . Hivh 055SU0241
B YIAEE— & I FAE DNA 45645158
(Lambda repressor-like DNA binding domain), iX—
SEFCARESE ) DNA 254 X3k, 5 2 HA ekt
SR 4 26 1 AR S R A AT 05SSU0242
JIT 4 B 19 2 AR AE — A IR BT 9 45 R J
(Tetratricopeptide repeat), XFP&5HyIEL AT &
AR EAE A, FEE— e E B R A E A WY R
PrmmE s ™, XA T SS2 hERA
PP SE R, MR SR A SIS .
2.2 pleR EERPRRAIMERERE

HFSE pleR JERTE SS2 W kWA E T, K
P By R R pUCTS-LSR Hi%E4k 05ZYH33
JEEZ SN, ToH RS Z PR b ) 0 AR 28 AR
B, 4B 7 X511 T PCR %2, 25 1
Fii7R o 1E pleR FBRAR P RNREA plcR MERE1 Y1
P EL, A pleR 24 K/NA 1130 bp 1 Spe’
JE TR, AT 2 H PCR LASE— A HERR BAAZ I
(T BE o P LLEF A pR R 58 A MR S PR A A, DA TR
TSI out-F/out-R N5 |%7, 3845 PCR /=¥ )5
PEAEAERIEM A, 45 FESE pleR BiEh#t Spe’ 2
FRE=Aw
23 HEMERIFRITKE RT-PCR ERAH

SWIEIE 05SSU0241 5 05SSU0242 275 & [l —
PR\ T F ) B L5 AH A0 R A A L, 1 Se R
05SSU0241 5 05SSU0242 Kz it i) 5 K k4 7 A= 1)
RS, R Softberry Ml (http://www.
softberry.com/berry.phtml) I~ f#) BPROM #X {4347
05SSU0241 FiiEy4ll, A& ¥ 05SSU0241 [-iff 21 bp
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A in-F—>
N
Y v
out-F —> %\SQ %CQ
LA @ o RA
05ZYH33
\\ // \\ //
AN e ! N s
\ e <«<—in-R / <— out-R
\\ // \v/
out-F—> 7 F—> 7~
PANs S RAN

L N N/ N AplcR

‘LI/
<— spc-R <—out-R
B 3 i b
W 2 4 3 oD
o g\%ﬂf‘ g\°° g\cﬁc‘ g\o" Q\°& QI
N «° o o 7 W o
bp M 1 2 3 4 5 7 8 9 10 11 12 13 14

W n

1 000

1 plcR EFERFRIRAIE R LEE
Figure 1 Construction and confirmation analysis of the knockout mutant strain AplcR
Note: A: Strategy for deletion mutagenesis of pIcR by allelic replacement with a spectinomycin resistance cassette (spc’). B: Confirma-

tory PCRs of the AplcR mutant. The primer pairs used in the multiple-PCR analysis are indicated above the lanes. Genomic DNAs from
the mutant plcR strain (lanes 1, 3, 5, 7, 9, 11, 13) and the wild-type strain, 05ZYH33 (lanes 2, 4, 6, 8, 10, 12, 14), were used as templates.

The Gene Ruler Mix DNA ladder marker is shown to the left (M).

WA — AT BER S B FIX k. FEFIFA Softberry ™)
ol b FindTerm {734 0655U0242 T it 41,

i H 7E 05SSU0242 5 05SSU0243 KL [l a] [X 45,

[ 05SSU0242 T it 23 bp A A7 1 — Mg & 1L FIX
B, #/8 055SU0241 5 05SSU0242 i3 4™ JE [K ]
AE b I B SR BfL . Oh IR E 05SSU0241 5
05SSU0242 dti%5% , HIAEARMR RN FA plcR 2
BESEA, ZpILL 05ZYH33 LA K 58735k cDNA S
M, LR RS 1P T PCR, 25 41 2D Fiws .
plcR PFRS [ L H R ABMRAH N S5t TESE R
ki pleR ZERCAEFE, 1 0241-F/0241-R,
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0242-F/0242-R H1 0241-F/0242-R LLEF/E#k cDNA
SR SRR T ARG R N AR S AR, T DA R AR B
cDNA i 85 Al H1 JC i 47 i AH W A5, 1 B
05SSU0241 5 05SSU0242 kst , HEZL AR Mk
ANEAETE
24 FHEHKERTHREEREZHFERN LRSS
R

WP MR 05ZYH33 FlEERRIRApICR 43 3% Fh
T THY WiR¥EFRILP T 37 °C #2IKIR G 5%
48 h, “AHAEKHEEMIE, ERWEIAD, i
FES MR SR 3 R TE T S RN LR R
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A
4:05SSU0241 >—{ 055500242 \L
l/

B in-F~>
GAPDH-F> 0241-F>  0242-F>
/;|05SSU02>{ 05SSU0242 052Y1133
<GAPDH-R <(241-R <0242-R
< in-R
PO5SSU0241
2R sR
P S R\
-\“,‘?\?‘ QQA\? Qf)A'L? Q’)A\? GPXDQ
C D — — — —
bp bp M 1 23 45 6 7 8 9 10
2000
1000 s
I 168
250
100 58

2 plcR EFEBEER O
Figure 2 Transcriptional analysis of the pIcR genes

Note: A: The sketch map of promoter and terminator prediction. 055SU0241 and 05SSU0242 are shown as blue-green arrows (not drawn
to scale). A putative ribosome binding site (RBS) upstream of 055SU0241 is depicted by a small flag. The stem-loop structure represents
a putative transcriptional terminator. B: Genomic organization of the pICR genes and the reference gene in S. suis 05ZYH33 (not drawn to
scale). The location of the primer pairs used in RT-PCR analysis are indicated by inverted arrowheads. PO5SSU0241 indicates
05SSU0241and 05SSU0242 may be transcribed as a single operon. C: Electrophoresis of total RNA from the wild-type strain (lane 1) and
the AplcR mutant (lane 2). Three bands are shown by the arrows, indicating the 23S rRNA, 16S rRNA, and 5S rRNA, respectively. The
DL2000 marker is shown to the left (M). D: RT-PCR analysis of the pICR genes. The primer pairs used in the RT-PCR analysis are indi-
cated above the lanes. cDNA from the wild-type strain (lanes 1, 3, 5, 7, 9), and ¢cDNA from the AplcR mutant (lanes 2, 4, 6, 8, 10) were
used as templates. The Gene Ruler Mix DNA ladder marker is shown to the left (M).

IMBARBEA BB 225, BRI EIEEH | K 100 —m 05ZYH33
(16, RECHBIINET , HRELH 1-2 mm, o e
H A 6 e B B iU ER B0 L34, AR 2- 70
3 mm, $&75% ploR KL D 5 AT ML ME G B4 C R S L e e e —
25 HMTRER £

10" CFU ¥/ ¥k 05ZYH33 Bl /MR, /ML “ 30 /1
I PR IARG P22 BE , B B2 AL, IR A A etk 207
SR, BRI SS2 AR I 3 B 0
7N B AR BRI 20 H/NEL 12 B 24 h BETS 12 H, ‘ 1 ? d !

24-48 h MHET-2 H, 48 h NHLFET- 14 H, ZJEA 3 SS2 B4 #k 05ZYH33 FIEL B #kApIcR B/ NRE
FAET; WA R R bR ApICR Toiki /gL,  POFEEZ

Figure 3 Survival curves of mice infected with the

12h JG3ET 8 H, 24 h J5 4/ 12 A&, IEE 48 wild-type strain 05ZYH33 and the ApIcR mutant
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5, T8 B, fEIE 12 H fETE/ DRSS R 7d
SEOGEE AT, YRR AR e R . BiteE sy
BTS2 7R S A R IR Y 2 5 Y AR AR SR 4 ) A E S R A
1 22 5 (P<0.05), M plcR FE K 5 4114 1Y 2om v
K
3 e

HHT, SS2 517 A\ & B i BAARBOR ML A A
WA, 3T HE&H I E TR — BRI, B
CaRMTIFL SS2 MEIRTF, [HRERIFREN
BAH I RFHREIEA—E 80N, IR,
SS2 I fig J& i 1 — L 4R SRR R s B 0 -, f
Z A RAEEIRER . GHC% TR, 18
05ZYH33 HtkH 45~ 055SU0241 F1 055SU0242
H 3 R G 1 41 G+C% 7 i A 35.2%, ik F4
FERIZ1Y 41.1%, F2 B3~ SE RAR W] B 3l 7K
SRR ARAS AN IE R, FE A AF7ET SS2
HREVE, TE LSRR AR kB, itk
VM B 2F i, R B A S R 5 2 AT 1 i )
plcR JL[A [R5, PRI o4l e ] o HL A e S o 4
it

PlcR & S48 I 15 56 T 2 MO o1 8 (G455 ety
FEZEMAT B AR = 4 2 AT ) P R B, J— A
FEMFNETE T, WESME PR
SR H AT PIcR ZEREER B & P A VR FH AR WA SC 1) wf
FRIE . EWER 0 HrRP] 05ZYH33 Wik
05SSU0241 55 BEF: 28 JI AT 1 1) PIeR AHALEE 1y 46%,
I 05SSU0242 MIAHIIEE R 28%, B & EHH
SRR H R I A R 1 L IR S T4 43 B A
PIcR 1) [ Y59 75 il 8 5% BR T (S. pneumoniae), FEHL
BEERE (S. thermophilus), THEEERE(S. equi)ZEfiEBk
H B AAAE, XAR/RE PleR 4 555 R T 161X
SERERREA T AR VE T, B IRAT A &t —
VEMEE I IRT R A TR PleR IF7E SS2 3
S LR R FRE IR, ASBIEGE A [R5 40 0% v
FI#E T 05ZYH33 plcR FER mibR k. ZEAE X
PCR % RT-PCR Z5 5L BIR , TCiE TESE R K-8 S 5%
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K EIIESE pleR FEDN B RN RER . FaA A=Yy
VR RS I WOR , RASHRAY A KR | TR
5 LA R i i A A T 5 A k=2 ()2 TG A 22
S 5 /0N BB S B0 25 S U I S8 AR R A B 7 B A R
HIRE TR, XHREM PR #3525 T SS2 1
SO R o (e 3 e Y RS L R A ek ok K
VERR T B — R 5T o

PlcR % i 5 I+ /2 ZF M AT i & i) — > 42
BETPR HF  6 AN aE R HAT 280 AR
. PIeR FEFRRILZ A ST, B N b6
BORPRSFIY) DNA 454 X3, 22 PleR F5sis
FIREE AR A S 8hF X A4S —> PIcR box, Hi—
BEE BEARST By 8] L 41 TATGNANATNCATA, iX
B HIBEA g J2: PIcR BIIRBI07 510, PIcR %% 59
P2 - B8 0 B S D R 0% o A, 2 o e, 3
FAIEl—> PIcR box, Wkt 1 HEF12% H
23 AR A2 S0 T W R 25 AT 1 B R AU i
A 70 25 4 2E A B 09 B0 HLH H 8V R 98 15 B
%, AW R EBESmEuRtE SS2 m# St
e T 2 ATFSE SR, %8s s 15 7l
DA L S0 Z2 R gt B 1 IR 3R N 3Rk, T2
SEEERAR, HIIRATT —26 2L pleR L Bk
(2 AR R FE T 42, AT A3 R 4 ek 38 5K
Ky, ) A AR S R AR R RR I 22 52, R
Hi3Z PleR JAERYIEH, FF7 B H b & B n] R
FORMSEIER, NiE—E 5T PleR % 24 K F
a2t SS2 BUREE, K BUH A EORFH 3L K
BEE LR
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