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Abstract: Streptococcus suis is a swine pathogen which causes serious inflammation of piglets. It
can infect people in contact with diseased pig or its by-products. The mechanisms of S. suis path-
ogenesis are poorly understood. Taking two S. suis serotype 2 strains 606 isolated from China
and 607 from Japan as samples, opacity factor of S. suis (ofs) genes were amplified from the ge-
nomic DNA of these bacteria by PCR method. The ofs genes contained 3 016 bp which encoded
for 938 aa based on alignment analysis. The identity of nucleotide sequence of o fs gene from SS,
strain 607 was 100% to the reported SS, genes while seven nucleotides in ofs of SS, strain 606
were different and resulted in three amino acids substitution. One of the substitutions located at
the N-terminal region of OFS protein in which glycin (without charge) was changed to be aspartic
acid (with negative charge). It was proposed that the change would have an effect on the OFS
ability to opacify serum of mammals. The other two substitutions were found from the repeats in

C-terminal region of OFS in SS, strain 606. Furthermore, the length and amino acid constitute of
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three repeats in OFS of SS, strain 606 and 607 was very divergent from that of fibronectin-binding

protein A (FnBA) of Streptococcus dysgalactiae. 1t was suggested that the pathway of OFS pro-

tein binding to fibronectin of host cells might be different from that of FnBA. However, OFS

proteins did carry the typical structural elements of MSCRAMMSs (microbial surface components

recognizing adhesive matrix molecules) with a large N-terminal region, specific repeats and LPX-

TG domain elements in the C-terminal region. It could be presumed that OFS of SS, strain 606

and 607 function as an adhesin combined on the surface of bacteria and bind the fibronectin with

its repeats at the C-terminus. The correlation between the OFS with moderate size (938 aa) and

the high virulence of streptococci implied that ofs gene was a pivotal virulent gene of SS, strain

606 and 607.
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Fig. 1  Amplification of ofs gene taking the genomic
DNA of SS, strain 606 and 607 as templates
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(K616 —K673),57 M Lm i m 5 19. 3% . 3%
T 1/5. fEE A C I 450 S8 b A7 g i BE 45 5 S
LPXTG . FheJg 14 o BBJEM N 3,

The different sites of ofs genes from two S. suis serotype 2 strains

ofs K& Fp 91 1Y A 22 S (8 S AL TR

LG Different neucleotide sites in o fs genes (related amino acid mutation) %
Strains

412 1098 1402 1 834 2162 2 267 2 786
SS, 606 G /\(/\Sp;;;s ) T G G(Alazg) G(Valy3) C
SS, 607 A G(Glysss) C A A(Thrg) Alesss) T

* . AGCH IR AN R R R () 1 B4 B S 4 T1 B BE BRI B 3 B Pk 606 (EF195770. 1) 5 HA R B #k 607 (EF195771. 2)

* . Location of nucleotide and amino acid were based on the accession number in GenBank with SS, strain 606 from China of

EF195770. 1 and SS, strain 607 from Japan of EF195771. 2
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SignalP-NM prediction (gram+networks): Sequence
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Fig. 2 Prediction of signal site of protein coded by ofs gene of SS, strain 606 using neural networks model (NN)
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K673) s il & R P LK S5 Bon s B C ol (1 K673 = K938, LIk a1k 5 i /x4y B 4% & X LP-
STG LT HES h B

The alpha helix was showed as “H” and beta sheet as “E”. The N-terminal region of OFS protein started from E23
to P672. The proline was highlighted as a larger “P” in the proline-rich region of N-terminal region. The C-terminal
region was denoted by light color letters and started from K673 to K938. The LPSTG was framed in square box
which was the cell wall-associated motif

B3 SS, 6065 607 Bk OFS EEHN - REMILE

Fig. 3 Comparison of the second structure of OFS protein in SS, strains 606 and 607



286 oM OB OE ¥ W 43 %
FnBA R1 829 *okok * * * *
606 R1 674  ETGKPGNNVETESPKPIENSTDDSANKPDSTTPKATDNI | IPNPTLPMKP
R2 728 —E P—-V—D | S—F-—-$
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607 R1 674  ETGKPGNNVETESPKPIENSTDDSANKPDSTTPKTTDNI | IPNPTLPMKP
R2 728 —E P—-1—D |—A S—F—-S
R3 782 -I-ETE-S—KP———- D —-S—GTQKLD|—VM-TPDLSR-ME-EST

The accession numbers of OFS proteins in GenBank were: FnBA of S. dysgalactiae strain S2 (CAA80121.1). The
conserved animo acids in the first repeats region (829-864) of FnBA were highlighted with stars ( %)

4 THEHSS: 606 F1 607 HH OFSER Cik 3 NEERFFIRIRTEE

Fig. 4 Compare of three peptide repeats on the C-terminus of OFS protein in strain 606 and 607 and FnBA

DIt FLEE BR 14 (S, dysgalactiae) {1 1A 45 5.1 RKEHTATEN N IS, 78 GenBank
4% A A(Fibronectin-binding protein A, FnBA) . T EI K E A 830.930.938.949 aad Ff, Hr,
A5 BR 7 (S, pyogenes) By LY TR It K (Ser- 830 aa(CAR35441. 1) B KF] 4 Bk SS, SsUD fY
um opacity factor,SOF) & [ A 7N, % SS, 606 Al ofs FHHRL, 5HE M SS, 607 A1 SS, 10 9 OFS
607 (i OFS 25 1 5 & A& B #E 47 loxd, L3845 18 AHEL. SRR T 108 MR EER i H C oy s 2 A
g HERKTE OFS HH, R 3 KRR EZEME (K X R2 A%, 55 3 R X R3 &FH K ; W2k SS.,
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The cited protein sequences in GenBank were as following. SS, strain 05ZYH33 (949aa): YP_001199029. 1; SS,
strain 98HAH33 (949). YP_001201232. 1; OFS in SS, strain SC84 (938aa), SS, strain BM407 (938aa) and SS,
strain P1/7 (938aa) were deduced based on ofs gene with accession number FM252031, FM252032. 1, and
AM946016. 1 in GenBank, respectively; strain NIAH11433 (938aa): BAF96965. 1; SS, strain GZ1 (949aa)
ADE31950. 1; SS, 607 (938aa): ABMS88720. 2; SS,, JS14 (938aa): ADV70693. 1; SS, strain 10 (938aa):
AAX56334. 1; SS, 606 (938aa): ABMS88719. 1; SS, strain SsUD (830aa): CAR35441. 1; SS strain DAT299
(1058aa) ; BAF96966. 1; SS, stain 89/1591 (564aa): EEF63642. 1; SS, strain MNCM51 (564aa) : BAF96969. 1; SS
strain DAT246 (216aa): BAF96967. 1; SS strain DAT 252 (216aa): BAF96968. 1; SS, strain A3286/94 (205aa) :
ACT66660. 1. SOF of S. pyogenes strain T2MR (1046aa, AAC32596. 1) and FnBA of S. dysgalactiae strain S2
(1091aa., CAA80121.1) were taken as outgroup

5 HIKE ofs ERGRBEAMBELSWN

Fig. 5 The phylogenetic tree of proteins encoded by ofs genes using Neighbor-Joining method of MEGA4. 0 program
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JS14 () OFS(ADV70693. 1) 930 aa;SS, GZ1,SS,
98HAH33 H1 SS, 05ZYH33 = #k & i OFS i 949
aa, Jg 4 BRI SRR Y 4 R A0 TR A A DR A U O
GERMES A, Mk SSu JS14 FSS, GZ1 4 of's
BLH 5 SS, 607 193 016 bp BREE T 51 58 42 —FF . 4 Fif
OFS HH 5 SS, 607 Witk OFS (22 75 H 155 Ik
L HR L B B E L ORI 4 B R B B T A 8
PHREh 938 aa HEATRAE M 2 KW E &K,
B 1 058 aa ZH AL, FEAEHE H ME 5 I C i 53
FAEAT 79 A1 59 ASEIERR K C a2 g 59 4
BIEREF R DAT299 4 MEEXHE N imlX
eSS, 606 1) OFS 2 3 MR HEIR 45 3 KEHH T
i i KL PR i k3 2 AF 5 IS J6 /4 (Insertion se-
quence element, IS) Fy 4 A 2 1E RS P27 L 77 A= 8050
(A 205,216,564 aa 3 Rk,

3 3

DL E 43 B Bk SS, 606 il H A4 B Bk SS, 607 2
RIE A OF 7S RE A B 2 Bl ofs FEHL, KEX R
3016 bp, H A E#k 607 1 ofs N5 H & E 4
BIR L H A S B AR U 53 B ik S ik DAL 1) i 81
AR BRI 43 BBk SS, 10 (18 ofs KEPH S 2
KL IESE OFS 2 (10 N i XN P27 2 P672, REfiff
NS R I T AR TR L O B A M T BE X R
BB SS, 606 Fl 607 1Y ofs I R 2 19 X 1 2 K
41—2 857 bp. 4itfi 938 aa MY K4 FH 1 OFS, B
Bk SS. 606 11 ofs FEH 5 SS, 607 (A IM:H 99 %,
ZIEA TR T B 3 D E AR,
Horr Aspyss A THEEM N 5 X, 40 T4 5~6
A o B2JE 2 18] (Il 3) 3 Aspass HO 0N 3% 47 7 AR fof , Hop
OFS ﬁléli‘ﬁﬂj&,ﬁjﬁl*%%ﬁﬁ@ Gl}’353 ’ lﬂﬁzﬁl
RABMBSE 2 AWK OFS EEHA — & M fg
Z S A 2 A R 5 Ala708 Thr Fl Val7431le
MFEER C a3kt TEE X RILR2 1,48
S 1 2 R 34 R B K A BRI Ak B O
Xof 2K 1 D) 8 ) 52 MR AT BB S K.

FEEEKE SS, 10 By OFS & 1 BCAIK ) N 3 [X.
5 515 7 8 Bk B (S. dysgalactiae) 1) FnBP
(CAA80121. 1), 1k Jife P8 BR i (S. pyogenes) B
SOF(AAC32596. 1) Z [l /) AH 0L 1 43 il S 3974
34045, = AT DL f W 2L Sl P 0 ot i AR TR L
H M E#k SS, 606 1 607 2 ¥R 9 OFS & 1, s
BT B R PR 57 B 25 40 FRAE L B A (5 5 K B

BUIK N I 45 A8 BRIl R X5 C i X A
NI EE S LPXTG 45y, Hig SS, 1)
OF'S 5 17t 2 20 B 2 18 92 50 & B 366 52 23 7 (Mlicro-
bial surface components recognizing adhesive ma-
trix molecules, MSCRAMMSs) [ i 517 .

OFS S 2 B 711 C i XA 5 40 i 5 75 32 4
M) B BB . B RE SS, 606 Fi 607 By OFS %4 1119
Cunz5i b A 3 A~ E ¥ 5 R1.R2 Fl R3, i 2
ANEE XS B R BE BRI OFS 8 3 Z 18] 19 A AL 1
90 ~98% ., 55 3 AN A X R3 A LM
100 %0, BELHTREHE BRI OFS [ & X @ BE RSP . Fn-
BP Hil SOF i iz H C i (9 5 5 77 51 5 1 3 40 i) 27
%45 B (Fibronectin) | £ 4 ¥ 4 Jit (Fibrinogen) | £
HHA-1(Fibulin-1) 45 & . X 28 {5 7 Z 4776 T W 7L
Sl ) A SR T B2 R ) S 2 T . o T e 1 i R
PR 05% LB 3K T 00 BT A i ) i o A B 3K T A T
A J5T s PRI S 24 B PR 7 ot B Bk B A 1
P TR LSS, 10 1 o f's B PR IR 1) 58 A28 1A %A1
W B R RS BB OFS ] fE thn 2 % 5% 2R 3
B 7 ST SR # R SS, 606 1 607 By OFS %4 1
4% B P55 FaBA #1 SOF AH I 51 1 22 53 58
K Western blot & B 1A §IF 32 3% 85 Bk & SS, 10 19
OFSEHMELZ X FBARSLFHMEALAY . H
M FE SS, 606 F1 607 ) OFS & [ C iy K B #B 4%
B 7 LPSTG Z5 M3k, J5 & 2 0 i i (Sortase) 1 I
IR AT S . 2y e AT Ak SOF 45 3 1m0 4K 1 5 40 &
(1 4 6 RE 3 T2 B A T DAY A T A B R TR
SS, 606 F1 607 [ OFS 2 1 Al fE L Jo 25 45 2 4 1
FO 200 L BE bR B Y L H BR D7 AT iE S SOF
AT . HEAb . ofs ke PR S5 48 vh i E 527 A3 A )
THREREAE 7 E Z LR OFS 2 1, LAYk ikt 1E
TR RG MWL SS, Fkk P H B 1058.938.830.
564,216,205 L FKER OFSEHEH (KE 5.3 2),
Iz A T SS, . SSy, LSSy A5 & Fif It T R Y 4
TR 20 2R W SR IESE T X — A

OFS & H A9 N i X I8 5 A7 {07 7L 3l ) 1003 2%
R IhAE . XF SS, 606 F1 607 2 Ff OFS A HE
HF I AT RE R OFS EAMKEZE
PEERTEREEM N a5 1.2 BEA S & H %%
N S IX 5 3 2RA il T AR R AR P AR N S AN e
BB EN . WRIEY R A% 1.2 28 OFS X
A LA R L Sl Y I3 AR TR L 5 3 2R 1k 2k
TUETAES . OFS 25 [ fif i 775 V8 3o o7 J5E 24 55 g ok
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W B A 6. 5 SOF B F A3 {81, OFS 4 7]
& % g 85 B (High-density lipoprotein,
HDL) H i ig 55 1 Apo A-I(Apolipoprotein A-1),
3 T 1 ELAR K 10~ 60 5, il v P UL AR R e
#E— 2L B W IR UE W] SOF K/ N 3 AN U2 I TR
A I M G B R HDL 4y T EZ A i
4 HDL 7 8 2 P & S /e E MY . OFS
X HDL i AR -5 5 0 L 2 (] /9 56 R i
AR . R (& 5, DL 938 aa
955 12 OFS & 1. {245 SS. 606 il 607 K HE 8
A~ SS, MR H HAH 22 1~6 D2 5@, AR
99. 4% ~99. 9% , ¥ g i A% 4 B L I R 1 955 A B
N A B B Y SR RE ) B RS 0 Bk SS,
05ZYH33 J& I\ 2005 45 75 VU 1 B FH 5 & 1) 4 5 1K AT
2 BV v, et IR AR AR A A R P B R

R2 BEEKEOFSEASHENZENXR

AR 2 R E A 1 MR DAT299, H OFS #
.20 1058 aa, B AR R e 3, BB 3 2k
A, 564aa 1y OFS & [ AH R 19 18 #& MNCM51
H 28 g Aoy 3L 5 — KB SS, 89/1591 H 3%
FE A b o B B T R RE T2 BRI of' s HEPR
A HATCH 1S, 7= A # OFS iy N 35 45 # R 5¢
gl 190 5 O 2 Bk DAT252 il DAT246 [ ofs 3
K 4 5 1 8 E R, A R 205 Fl 216 aa, HoHp
DAT 252 [ 4§l 43 B0 . X K EAE i (n=36) 1Y
OFS 5 1if PR &9 Z [ 4T A SRR 98 32 B, h S K
JI (938 aa) By OFS 19 B P W] W T H g 28 A
OFS'* 2L 5% 245 F 327 o [ 43 25 Bk R H AR 43
bk SS, 606 F1 607 BA hAEK LR OFS 31 . 451
SEAE W RE S S EUS EERR R I B A T

Table 2 Relationship between OFS characteristics and the virulence of S. suis strains

do

H R

Virulence Accession number (ref)

— (From a healthy pig) BAF96966. 1 (18]
HP YP_001201232. 1 %
HP (Meningitis) YP_001199029. 1 [%

HP (Septicemia) ADE31950. 1 [+

i KR E pE
Strains Origin and host Amino acids
SS DAT299 Japan, swine 1 058
SS, 98HAH33 Jiangsu, China, human 938
SS,05ZYH33 Sichuan, China, human 938
SS, GZ1 Guizhou, China, human 938 *
SS, 606 Shanghai, China, swine 938
SS, 607 Japan. swine 938
SS, 10 Holland. swine 938
SS,P1/7 England, swine 938
SS NIAH11433 Japan, swine 938
SS, BM407 Vietnam, human 938
SS, SC84 Sichuan, China, human 938
SS, JS14 Jiangsu, China, swine 938
SS, SsUD Italy, human 830
SS, MNCM51 Thailand. human 564
SS, 89/1591 Canadian, swine 564
SS DAT252 Japan, swine 216
SS DAT246 Japan, swine 216
SS, A3286/94 German 206

HP (Meningitis)
HP (Septicemia)
HP
HP (Meningitis)
HP (Septicemia)
HP (Meningitis)
HP (Meningitis)
P (Articulation)
P (Meningitis)
MV (Septicemia)
MV (Septicemia)
P (Lung)

P (Septicemia)

ABMS88719. 1
ABMS88720. 2
AAX56334,1 &
AM946016. 1 17
BAF96965. 1 [1%)
FM252032. 1 [
FM252031. 1 [
ADV70693. 1 [
CAR35441, 1 21

BAF96969, 1 [15:17]
EEF63642. 1 [13:19]

BAF96968. 1 L'
BAF96967. 1 1%
ACT66660. 1

* . GenBank 7 4 #R1& OFS (& AEMRE H 0 % 949 5 930 aa, LAb#EAT 7988, HP. @ &ite; MV. H&5 J5; P w5

s —. R

%, The amino acids number of the four strains from GenBank were 949 or 930, the number in Table 2 were adjusted. HP.

Highly pathogenic; MV. Modevate virulence; P. Pathogenic; —.

No data
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