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Genotype of mrp and its relationship with the virulence of
Streptococcus suis serotype 2
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Abstract: [Objective] Streptococcus suis serotype 2 (SS2) is an important zoonotic pathogen, showing
high diversity in virulence in different strains. Lacking suitable target(s) has, to date, hindered
evaluation of virulence in SS2. Therefore, we investigated the relationship between the genotype of
mrp and the virulence of SS2. [Methods] Different genotypes of mrp were identified by PCR;
Virulence of SS2 strains was evaluated by internally standardized zebrafish model; and the
transcription level of mrp in different strains was evaluated by real time PCR (quantitative PCR,
qPCR). [Results] Two genotypes, named mrp-A (27 strains) and mrp-B (26 strains), were identified in
53 SS2 strains. Strains belonged to genotype mrp-A showed stronger virulence and higher transcription
level of mrp than mrp-B strains. [Conclusion] mrp was widespread but various in different SS2 strains;
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and mrp-A strains tended to be highly pathogenic. Furthermore, the non-conservative region of mrp

could be a virulence-marker for SS2.

Keywords: Streptococcus suis serotype 2, Genotype of mrp, Virulence
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WM ZARIET- 2, 33 AN RI(1/2, 131, 33),
JEHEERT 2 BUSS2)WiATIS ™, BUR H1 et 1998
AEFN 2005 AF, A3 OilAE R VIR AU 5 R N
WHERRE S, IR SEIET 14 HIF 38 515
SS HIEUR LI i 2R aE ) AHDC B LR R, s
TRHLER R ARG sEeERRE, B & SS2, 7
f RGP A A . A HGEFR, A SS2 Btk
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HHN, FEEEERE R IR B = S — 1 s
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SN mrp FERIAL S SS2 B IR AR
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1.1 #

1.1.1 EERRIEFREE: LA HIERER ]
FIHbIRES i, MASSE G S B PP R P BkasE 53 Bk SS2
B AR TFAFSE, HAp i X JCE0R 1S %
Bk T1SPIHBR#HES % Fitk 2Y05719%%, 2Y05719 43
B A PN KFATIRH, 2t N TG B 50T
HRFE (R L FR) . WRIEE LR 1, HASE
T%JCH 4 F ML) THB BAsHE R AR5 IR, F 37 °C
FRERESR, SRR E IR (A THB Kr
FRHL, 37°C. 180 r/min FEIREEFE, SCBLREENGSHE
1.1.2 FERF51LEE: Todd-Hewitt Broth (THB)
NFEE BD AR JGHEAEI . Premix Tag'™ |
FER AR BOAT &5 W H K% TaKaRa FAEY) TR
ARAF]; RNA SR & L 7t Rl &
H sl MR A YR A BR A W] 5 Ultrospec 2000
I AN BRI A Bio-Rad A F]; S2if PCR
7300 R4 H ABI A H]

1.2 A[E SS2 EHRH mrp EEERIES

M NCBI B FEASG RAGHEER T 2 B mrp FEH P
%)(GenBank : X64450)>), LI} SS2 1Kk 052YH33 .
98HAH33. GZ1.SC84.P1/7. A7.S735. 05SHAS6S
SC070731., T15 W) mrp FEHNFHN(FE 2), HH
DNAMAN BT FHI XS, 345 mrp JFH1E4S
AR FF 1 e B (DU DX SR 22 5 [X 3
1.3 PCR M mrp BEETE SS2 BHEP RIS

WRYE mrp [FEPE TSR, DL mrp EH 100%
R X SO BAR BT B 18 mrp-1, DA2ESEIX S A Aee
Wit 1) mrp-2 (3% 3),

FEIRAN AL 2] DNA $2BGRH] SR,
PRI 53 Bk SS2 WERKAYSEINAL, FHLAM AT
PCR, % 5E A SS2 1) mrp FEPIH  PCR J WA .
2xPremix Tag' ™ 12.5 uL, IESZIA54)(10 pmol/L)#%
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Table 1 Details of SS2 strains and the results of PCR
ESlS JiiREgid] PCR results SR i Htk iRl PCR results Fe iR

Strains Serotype -1 mrp=2 Source Strains Serotype -l mrp=2 Source
hb1005 2 s s Hebei ' HN07137 2 A - 2007, Henan
SS2 2 4 4 Jiangsu ' HNO075231 2 i - 2007, Henan
HA9801 2 A A 1998, Jiangsu i HN08324 2 A - 2008, Henan
HA9803 2 + + 1998, Jiangsu i HZ060601 2 i - Hangzhou
88B 2 4 + Guangdong i JX071101 2 + = 2007, Jiaxing
HA0608 2 +* +* Haian JX071201 2 = - 2007, Jiaxing
hb1002 2 A 3 Hebei i JX071204 2 3 - 2007, Jiaxing
hb1007 2 + +  Hebei 7X080302 2 + — 2008, Jiaxing
hb1008 2 4+ + Hebei i JX081202 2 3 - 2008, Jiaxing
JX071102 2 & & 2007, Jiaxing JX0908001 2 A = 2009, Jiaxing
JX081105 2 4+ + 2008, Jiaxing i JX0908004 2 3 - 2009, Jiaxing
LP090401 2 & +F 2009, Linping . JX0908005 2 A = 2009, Jiaxing
JR05730 2 +* I 2005, Jiangsu i JX0908006 2 i - 2009, Jiaxing
XS06033 2 s s 2006, Xiaoshan JX0908008 2 I - 2009, Jiaxing
GHO05458 2 * * 2005, Sichuan i zjhn090701 2 3 - 2009, Haining
ZY05721 2 s +F 2005, Sichuan zjhn090703 2 I - 2009, Haining
YJ05465 2 * * 2005, Sichuan i zjhn090704 2 3 - 2009, Haining
ZG05464 2 s +F 2005, Sichuan zjhn090706 2 I - 2009, Haining
CHZ05806-1 2 4 4 Anhui I LP090106 2 3 - 2009, Linping
JDZ05802-1 2 A + Jiangxi i LP090402 2 3 - 2009, Linping
JXAU-SS-2 2 4 4 Jiangxi I TZ080501 2 i - 2008, Taizhou
SS25995 2 s s Denmark i CZ130904 2 A - 2013, Changzhou
SS2Xiangtan 2 4 4 Xiangtan I ZINBI115 2 i - Ningbo
P1/7 2 4 + Europe i 7392091101 2 + - Zhejiang University
hb1009 2 A = Hebei ZY05719 2 A +F 2005, Sichuan
hb1010 2 +  — Hebei | T1s 2 + ~ Holland
HN0104001 2 +* - Zhejiang University i

e b: B - B

Note: +: Positive; — Negative.

1 pL, #i4 DNA (20-50 mg/L) 1 pL, ddH,O #b /2 &
25 L, JRWEERF: 95°C 5 min; 95°C30s, 53 °C
5 51°C30s, 72°C 30's, 35 MEH; 72 °C 10 min,
14 WE&EIE

BECL A SCBARES T Tu Z5E000Foe R, Ik —
Al o B RARBE S 0 TR (BB . R

3-4 cm; FAEKIE: 26-28 °C; FIHFE.
15-20 fA/L), HRIMEED 3 d, IEJstr, it
FIERBE I SLI0HT, fbk SS2 BRKTT 1 JeiEST 3-5
BT A MARFET (W BE Dt A Py 4 B 15 77
M, HTIEXRES MR B BER M
(ODgo¢=0.6-0.8) I TR FH K B 1) PBS PRI IT AR BT
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F2 SS2EHH mrp HARFER

Table 2 Details of mrp in SS2 strains

Rtk FrE bR mrp KB

Strains Locus tag Length of mrp (bp)
05ZYH33 SSU05_0753 3786
98HAH33 SSU98 0755, SSU98 0756 3772
GZ1 SSGZ1 0743 3681
SC84 SSUSC84_0671 3771
P1/7 SSU0706 3771
A7 SSUA7_0703 3771
S735 YYK 03370 3771
05HAS68 HAS68 02020 3399
SC070731 NJAUSS_0802 3195
T15 T15 1254 3405

BE(10°-10* CFU), #BED10T 90 mg/L ) MS-222
VAR PP I BRI (13 min JBRBEREN ) , AT
4T 20 pL AR, BBRETH 15 BRES 0,
AR BES SRR, L ZY05719
T15 M5k, 5985wk, RI“PIbR”, 25 FxT gl
TS 20 uL KTE PBS i, iE2E 7 d METFid %
YR e Bt S Ae T 00, 34 Reed & Muench 77
B B R (L Do)

1.5 SERTSRHTEE PCRIEN mrp 7E SS2 thBY%4E
RIKIE

P SS2 kKRN T THB AR I3, 37 °C #
BEEFRIE, PRSI R THB Ki5R%E, 37 °C.
180 r/min FEPRREFRE ODgoo M 0.8, WIHERR -

JH TRIZOL ¥:3RH SS2 HkkE RNA, 4225k
DNA W, K550 cDNA, LL mrp 5:PH 100%]]
VRIX AN, BFEER 26 E i PCR (qQPCR)S|
Y. LA gapdh (HIMEE-3-BERR I S ) N NS5 H
fifi [l ABI 7300 qRT-PCR R%t, it — %t E &
(27 P SRR mrp SR 5 Rk
-, qPCR 351+ 3,

2 HR5404
2.1 AR SS2 WHEHF mrp FHIRIREIETE
WK 1R, 10 #k SS2 HAkH I mrp LA,

P H B B2 A I e 25 5 . TR (3R
TR PAN T8 A — BN X d, HoAh B ) R AR5
S—58, FPaafENXIEE L, FoRgFsl
FEZDIBAH U RAR , 132 F mrp (GenBank : X64450)
RSP 691-1 812 (i 'H; B EAME IR EE (4 XI5
FORAARIES 100% A9 EEH R B, 41K 271 bp, fif

®3 AMRASIMIER

Table 3 Primers used in this study

=19y =1 P E P B B R EE
Primer e Eequanes (a3 Amplification Product size Annealing
q position (bp) temperature (°C)
PCR mrp-1-F ACCGTCCAAAAGTACCTTACC
mrp-1-R TCTTCATCAACGTGGTTAGTT 2 627-2 897° 271 53
mrp-2-F CGGTTCAAAAGGATACAGTAC
mrp-2-R AAGTGTATTTTGAACACCTGC 1262—1 743" 482 51

qPCR q-mrp-F

q-mrp-R CGGTGTATATCCTGGAACGTAAG
q-gapdh-F ACACTGAAGACCAACTCGTATC
q-gapdh-R CGCCATCAACTTCGATAACTTTAG

CAACGACACCAGGAACAAATGGCG

H: % FE mrp 2 (GenBank: X64450)H 14 B .
Note: *: Amplification position in gene mrp (GenBank: X64450).
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Figure 1 Homology analysis of sequences of mrp in different SS2 strains
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T mrp GRASFHIR) 2 627-2 897 (i .
2.2 mrp EETE SS2 EHP RIS

W 1 i, mrp-1 1€ 53 Bk SS2 Fkk P fH %
1 100%, mrp-2 BHHR A 47.2% o ¥ mrp-1+/mrp-2+
ERIE A mrp-A B, mrp-1+/mrp-2-1E &K mrp-B
.,
23 WME&EXE

YRI5 e SEBE o) o Y IR AR 1, 23
AR RAE SOV . WFFTEEEL 10 Bk mrp-A BIFI 10 £k
mrp-B Y SS2 Rk HI T HEL 525, H LDso 51 T4
4, AR DA 8 MR T, At
WHILL ZY05719 1 T15 A%, SH R LDs
T 5,

2.4 Gt 4w SS2 WHkE HKFE

I LR R R IS B RIAR Y LDso, 1PN TF
A SO RN B/ N GRS | B/AN/A - W
Y(x)=[log(LDsox))-log(LDsocr15)) )/ [10g(LDsozy05719)—
log(LDsocr1s)]o BAESZHPE ZY05719 B J1K N
1, W T15 317K 05 p(x)=0.5, x il A 5ERERE 5
Y(x)<0.5, x i [a] Ry 55 8RR . AN3R 4 Ji7, 10 Bk mrp-A
RURARI SR EERR , 10 Bk mrp-B BUG MR 9 #9155

bk, 1 BRUHEE
25 mrp BEE SS2 Btk P ES TR T

ACt=CrmmyCrgapany » A4 Cro=A Criy=ACrzv05719) »
27 R x BIRR mrp AR T 2Y05719

F 4 SS2 EHREHNIFME
Table 4 Virulence evaluation of SS2 strains

mrp FEE A Tk PHEG R o RN T R A15080°
Genotype of mrp Strain LDs 4 Highly-virulent or low-virulent Virulence test”
mrp-A hb1005 6.63x10° 0.67 HV 6"
HA9801 3.42x10° 1.04 HV 6"
SS2 7.93%10° 0.57 HV 6"
7G05464 5.62x10° 0.72 HV 7h
CHZ05806-1 5.03x10° 0.77 HV 70
hb1008 7.05%10° 0.61 HV 7t
88B 7.65%10° 0.58 HV 70
GHO05458 7.72x10° 0.57 HV 7h
LP090401 3.81x10° 0.97 HV gt
P1/7 8.09x10° 0.61 HV g
mrp-B HN0104001 8.87x10° 0.20 LV I
7192091101 1.95x10° -0.20 LV 1%
HZ060601 2.42x10° -0.19 LV 7
HN075231 7.94x10° -0.65 LV 31
TX0908005 2.37%107 -1.07 LV 31
JX0908008 3.91x10° -0.16 LV 4"
JX071201 3.24x10° -0.34 LV 4t
TX081202 5.72x10° 0.84 HV 4t
CZ130904 3.49x10° -1.07 LV 5t
ZINBI115 9.25x10° 0.16 LV 5t

T DRSS IRISE R Sy 8 WKIEA T, AR BT — SR LRI AL 1 R 1 S T

Note: ": Eight batches of virulence tests were performed in this study. The last column indicated the order of virulence experiments of strains.
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#z5 8 XRFAHLWAF ZY05719 F0 T15 &Y LD,
Table 5 LDs, of ZY05719 and T15 involved in eight
batches of virulence tests
B ZY05719 PR T1S5 FEEICH
Virulence test LDsy of ZY05719 LDsy of T15
1% 1.80x10° 1.32x10°
2n 3.66x10° 1.77x10°
34 1.17x10° 1.50x10°
4 426x10° 2.91x10°
5t 3.49x10° 1.13x10°
6" 3.70x10° 2.18x10°
7 3.03x10° 2.73x10°
g™ 3.58x10° 2.91x10°

mrp JEHREE K-, ZY05719 H MRP & RS
FIREERA I W 2 Fros, B EE I Pk
ZY05719, mrp-A BIEREF mrp ¥V, 1M
mrp-B BUGRRT mrp FeKOPAR, HZERWBE
(P<0.001),,

3 &

FEEEERTA 2 BURSEHERRTE 33 AN IME B AT
) FEIESRIIIE R, ANIE] SS2 HIMK A EUE:
AIF. MRP (mrp)# 9 H1ERE J1brE 2 —PASE E L
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2

@ Transcription level
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Figure 2 Transcription level of mrp in different SS2 strains

Note: ~™": P<0.001.
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