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% F| GBS th 44 4 B b 4r B o fIgh AT B - £ S TR 2 156
PR 3 & AR FT 1 3 IR serotype 11T &5 % GBS & % #+ dorminant s

FET%) > 3§ L AT DR RE 2 L E L (79% vs 22%) o @ A K S &

2. Alp % Fv 287 > #F GBS “7F F 2 % @ v fALFE serotype F

Fﬁg ’ t-"_ serotypeIII Eﬁﬁ‘f;\“’l "ﬁ 6% rlb Z#rj , 15 = @ serotype _l;zfi
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Sreptococcus agalactiae, (Group B streptococcus; [GBS]), is one of the the
most important pathogens causing neonatal pneumonia, meningitis and sepsis; in
recent years, it has become increasingly a causative agent in the nonpregnant
adults, in particular the elderly. GBS is subdivided into Ia, Ib, II-VII nine
serotypes based on the capsular polysaccharides. According to the findings of
our first year investigation, serotype III dominated in the GBS bacteremia of
neonates (79%) as well as nonpregnant adults (22%) among the 156 strains
collected from two tertiary hospitals of southern Taiwan. In the following year,
we studied the prevalence of surface proteins of alp family. It was found that the
surface proteins were highly correlated with serotypes, 76% of type 1II GBS
harbored the rib gene. When the GBS was subtyped further with four genes of
surface proteins bca, rib, alp2/3, and epsilon, totally 25 serovariants were
identified, with the predominance of subtype Ill/rib (28%), which caused 78%
of neonatal meningitis. With the disproportionate importance of rib surface
protein discovered, the present investigation attempts to delineate the GBS
pathogenesis focusing on it. Hence, the construction of rib mutants has been
completed. Interestingly, growth curve did not show any difference between rib
mutants and wild types. This implied that rib surface protein is not essential for
the growth or reproduction of GBS. Invasion study was of no difference in
between. However, analysis of adhesion to epithelial cells indicated that the rib
mutants were 40% less capable of adhesion than the wild types. Therefore, rib
protein was considered a factor accounting for the adhesion in the early phase of
pathogenesis. But further studies revealed that rib mutants were 20% less

resistant to the killing of whole blood compared with the wild types, with no



difference in the study of serum instead; this indicated that Rib surface protein
would have antiphagocytosis function, or capability of resistance to the killing
of whole blood cells, and the complement system should not involved. These
would be important issues for further investigation to elucidate the mechanisms
of antiphagocytosis and adhesion to epithelial cells attributed by the Rib surface

protein.

Keywords: Group B streptococcus, rib mutant, adhesion, antiphagocytosis



B #4718 #(Group B streptococci GBS) & — % L iz % £ (invasive)
RA > FEDRE oL a2 i & s iR Y £ BALRTE 2 i
Mmoo 3T 4 52 %% % W (meningitis) - BT & Jg  (sepsis) v B % X
(pneumonia)(Trijbel-Smeulders et al., 2003) - @ 7 2% > d >> £ H4p b 933 B
FTALA B AT GBS &RTA e 2 X B T 0 RS e
A F AT BT 0 S ATL S GBS B % ik bl dG ¥ A e
5% > d 3.26-10.08 (1985-1995) 3] 0-1.8 (1996-2001 iz (T 4p d H = e 4R -

LLL?} ’

d & 1000 ENE P 053 i %k 5](1993-1994) F 2 3] 0.96 B % b

BLE A A A R GBS et 4 iE ¥ 5484 > incidence

(1999-2000) (Blancas et al., 2004) % # & 2 3 H 145 T ek # A (Farley et al.,
2001; Schuchat, A. 1999 ) > 3 & hfR/k & e 45 Fa g >~ s P X
(endocarditis) # 3 5+ |4 55 5 X (necrotizing faciitis) & ; & & & R A F % 3
S L F R A SR E S A% GBS R d FEF A2
1.6 (Liu et al. 1997) > @ GBS @« Jg 7 incidence rate & + 4 » 3
0.16-0.3(2001-2003) (Huang et al. 2004; Huang, et al. 2006) » |+ 4 % £

AL R AT o

p w > GBS iz 3 H polysaccharides capsule ¥ 4 5 4 #87 I <7 serotypes >
He typesla~Ib~1I-III 2 V %I f& serotypes #u¥ 2% # >+ % ' (Harrison,
etal. 1998) ; types VI 2 VIII ¥ L>MR%E evp A% £+ (Lachenauer et
al. 1999) > %?:b‘géjr%év’ﬁ;f% ) serotype 14 € X Pl 10~ FEEZ A T

% (Harrison, et al. 1998, Tyrrell, et al. 2000 ) - A F % 3 L w0 &%t 5 %2



GBS &7 8 # 351 pvlainim SR - MY Y 1 type 11T (28.5%) &
type V (27.1%) ~ w5 (Koetal 2001) ; @ 1345 23+ 3] 232 % #7fc b o
Ejthena 178 % o type LIl e & 5 5 6 37.2% > @ type V £120.5% =
20 £ H B type Il 374 52% 6] ¢ b 78.6% > & b= 4 & (]e121.9% 0 &

7 type IIl GBS #_#& invasive ¢ ; & £ 445 P 50 ciF= 3 Bgo1 > H 3&7%’5 RO
AR 7 g A invasive > F S EF H 6 Rop A P E TS L
GBS st 4] endf sd b 220 £ & iR AT -

‘u.w-/

mF|ihd o F-v (surface-associated proteins) i % F L3k 7 eI
WAL P WA G AL & hRkop F1F 0 40 A F 43} F] (Sreptococcus
pyogenes, GAS) 2z M protein > & 7 #r#] 4 # = M ~ fL B vk T #
(antiphagocytosis) =% it % % ¥ w# 5 4 (Hollingshead, et al. 1987,
Jones, et al. 1988; Fischetti, 1991; Ellen & Gibbson 1974)- ,Th GBS ¢ reidk o
v ® » C protein #_% - BAg g d ke H & Blde leucine-rich repeat
protein(LRR) ~ ScpB protein ¥ FbsA protein % (Seepersaud et al., 2005;
Beckmann et al., 2002; Schuchat et al., 2002)~ 442 R > d S F R 4
mouse model ¥ C protein shfd8 ¥ 12 ik -] B 4>t GBS e 4 (Lancefield er
al, 1975) > &k fg?‘,!rf F A2t o Zom F-9 & ¥ 12314 protective immunity >

BREZGBS £ % $-v 7877 & o



1395 Lindahl et al.=rdk 2 45 21 > oC protein 3+ Alp # & Fd - f -
i Alp 26 Fv £ ¥ A fdoC -~ Rib~R28 ¥ Alp2 (Fig. 1) > 7 DNA
gt > aC &9 & Rib #&4piz > @ R28 £ Alp2 B % 7 - £ nonrepeated
region (Lindahl et al., 2005) - 139538 £ & 7+ > aC H_non-type III GBS i &
% Fv > dotypela~Ib~11> X m 4p§ B+ Glentype III 22 type AL - 7
Rib #-v (Lachenauer et al.,2000; Stalhammar-Carlemalm et al., 1993) » *& 3R &
FIREEM G2 E 85 B Alp 39 9877 > P w v 2 aC protein
B % bcaizoC dv cn&RAF > H P 75 9 B identical repeats > @ &
- B repeat ¢ 246 BPiiFpArEs ¥ encode - 82 BIRAM T o
Rib F-v Fengf mhe>t 1993 & » # % o ) 123-kDa> # 2 A F 5 rib- &
¥ 7 & chsignal peptide (55 amino acid resiudes)% 12 repeats(Wastfelt et al.,
1996, Stalhammar-Carlemalm et al., 1993) » = i repeat d 237 i 2 H fe 1
= > ¥ encode — 79 BIRAR Y {345 DNA R A g - FRF G 61%
identity > @ f A pe vt #R) N 235 61 % residue identity > repeat % 2 47 %
identity(Fig.2 ) » e A F R i1y A& 23 F w2 (Wastfelt et al., 1996) ;
¥ ¢k d western blot 4 173 LA 5 &~ 1 regulatory ladder pattern =3k % -
Ap IR 3-v F 5 size heterogeneity » i&4& heterogeneous polypeptides 4 + &

A R8G9 A2 P7deG on repeat region #cE 7 B (Michel, et al. 1992) > R



B T A d 3t Aorepeat B 3 P R FAATR 2. Asp-Pro 4EA K fRATiE S 0 E K-
v T A pH E#H E I pH7.0 - Bl laddering IR % ,T*u v ",/Tt i
(Stalhammar-Carlemalm et al., 1999)> £ F w Fi5d (K fEm i3 & J-v F Frsize
heterogenity » 12 4% GBS 724 TR 3 #Fi& - ¥ dE it o

W¥pdin %7 1 % RoaC &-v 2 immunogenicity 2 protective efficacy
27 repeat eN#c P = F e (R0 v w71 24 9 1B repeat chaC F-¢ immunize
A R A WTHEITS R65 2 11%954 5 %HE i 4 (Gravekamp et al., 1997) »
Bror 5 & repeat i3 e € FOIFHE R FaC v M2 HNBFREZF B
Fltdim repeat B E G R EFRGE G A LA T E a4 o BEFIRT A
P oo ¥ b > 235 53T type la —specific alpha C F-¢ F&8 A 353+ § 55+ A fwoe
ke 7 4 IR > alpha C protein € %% d 2 &8 3% 31 wme & w2
glycosaminoglycan @ & » w? ¢ > ¥ ¥ § = d actin-dependent =784 {7
(Bolduc, et al., 2002; Baron et al., 2004) - @ Rib #in 5 ¥ GAS 2 R28
protein & 5 # 02 - @ R28 P W A §F 47 5 GAS adhesin 2 -
(Stalhammar-Carlemalm, et al. 1999) » #7132 Rib #_% 7~ 22 aC F-v & GAS 2
M protein /% 4 antiphagocytosis -~ adhesion % internalization % 2_ 4 7
A A E A BF iR -

1Pk (7 & e § & R serotype 111 ¥ 2% GBS B % 5



dorminant w F 31 (37%) > * F A ATE AL E 2 & & L (T9% vs
22%) o @ ¥ E2 Alp 46 3v 255 > % F GBS 1 F 2 A G Rv i
fa%p & serotype 7 B > e serotypelll shjE#R® 3 76%%F 7 rib A 7] ;
% & serotype & Alp # o F-v & {71 subtype 4 47 > £ FEW[ A 25 &

serovariants > H 7 B g% e E_serotype II/rib > i 28% » I =

(=t
.
f‘m
[
3
3
X
NN

hd

374 52 GBS "Gt A & thsubtyp o e B Rib g4 F 5 22 B GBS ¢

N

REWHEL 5 073 5 E 4 B Alp £ 5 9 haC protein e § &m0 aC
protein £ 7 immunogenicity £ protective efficacy » @ iefdfF |ty ¥ ax & H
tandem repeat sP#cP 7 B > 2. F Rib+» £ 3 4ple cdd it ¥ 53 2 { invasive
h o A AER D RIFIIRRAL Ft o G i - H4F 3T Rib -9 & invasive
GBS i pmisfleriricns 4 jk%%d%‘i%’g@ rib % $henéFg o k¥

Rib 3-v 4 $ 7 5 o
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S HEse

4 ¢ WDNAZ 34 B~

B~ AT 7] 7% 4481 30 ml TSBY (Tryptic soy broth , Yeast extract) » *+37
BERYR&REE BB FHE > 10 ug/ml MutanolysinZ 5 mg/ml
Lysozyme %37 €% 1] pF > £ 125 % SDS#%65 (% 30 min > 2 {& ¥
phenol-chloroform ¥ P~DNA > & & 12 JFpi Ak » 2% 16 w % %500 pl TE

buffer » & 534 o

B Lpavi 4 F B (Polymerase chain reaction ; PCR)

0.2 mlz g 3w F & B A » 209 RIDNA ~ 2 5'55 2 3'5heh51 3 (&

- ) ~0.15mM dNTP ~ 1x Polymerase buffer% 1 unit DyNAzyme polymerase
(Finzyme OY, Espoo, Finland) > % & & %84 5 50 pl > **Perkin Elmer

GeneAmp PCR system 24007 £ {7 F & o F RiF 2 295C 8144 £ 12
%513 g agk£ 8 B (annealing temperature ) & {748 1% 14048 > &%

MT2°C F 2444k 0 R E30BHIRLE o TEI AL WX ERMT A

(agarose gel electrophoresis ) i& {7 4 47 ©

* % & Fawre &) (€% (Transformation)

-

#-+ % 4% 5 (DHSa) eh8 - 8 SmILB %2 ¢ IF i 4
PP 2ml2 FipdfE s 40ml LB 4RY » w3TCRFR %3/ @2
2 ODg 1E (] 2 04~0.5- %‘F]/I’?%’t ok b 10 & 43 0 4C¢§F—"‘ 10 ~ 48 /f
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4 F,Fi/.if o 1 IOmI/]\rﬂOIMCaCIQ#’n{Fﬁ@’ s BNk 10 2 4Efs 0 4C
s 10 4 483 L Fik o Bfs 12 1.6ml 7 15% glycerol 2. 0.1 M CaCl, #-
AMRE > R A KD 1S5ml 2B g o Tan-70C kS § % > 2
P chim A 5 %5 E e Pe o DNA ehdg 4] (5% & Morrison (1979) 77 & 4 4c
i 7 s #griE (72 B DNA % 50 ng > 4 » 200 B8l 2. %% i3 fwv% > R &
BB 30 MM 0 BFA AC ki i F s kA F B (heat
shock) 90 #)46 » 2 5 B 3trk S A48 £ 4 ~ 800 B8l LB 32 %% > ¢
T CH A5 B4 | P 2 SRAREF IR F2B54 T

GBS # &4 351t * (Electroporation)

#* Framson % % (1997) 2= & e 1213 3% o #-4m % > THA
(Todd-Hewitt agar) 3 & &AM &3 & > HE - FEHMAE Sml 757 1%
Casamine acid = 0.3% yeast (M9 32 & % ¢ [5 %32 &> #-FiR M § v b=
A% 2 10ml 7 7 1% Casamine acid ~ 0.3% yeast TSBY {= 0.6% glycine 5
MO &R? LIEmB % LB FR i bl 3 % 240ml 77 1%
Casamine acid ~ 0.3% yeast TSBY 4v 0.6% glycine th M9 # %% #» > 3t 37C
TEAE 1P st 02 10 ml k7 0.625 M sucrose i3 ik R iF FRE 0 Bt
oo 4e ~ 0.5 ml 7k 0.625 M sucrose % i% » 2t BFenER T L B A48k Foh
¥ ix 'm*2 (competent cells ) °
BT75ul e izmrede » 1ugDNA R £353 > 74 3 54 @0 1 mm
cuvette ¥ » 17 ELECTROCELL MANIPULATOR ECM600 (BPM) :E& {7
TR 512 600Q~1.25kV eng B X Smse & ¥ 3k 10 A 4818 o
4o ¥ 10ml 3 § 0.25 M sucrose sn TSBY 8 & @ - 37Cs % 2 /| p¥>
BER-ARE g FEE 2 TSBY B A A o3 37CH A B %o

12



L

3 > EF 322 (Southern blotting hybridization )

¥ 4 (probe) e & $ * 2Lt 4E 7 2 7 > 12 Gene Images AlkPhos
Direct Labelling and Detection system( Amersham, Buckinghamshire HP7 9NA,
England) % %2 o & #-45#k3e DNA 42 10 ng/ul » B 10 ul ** 100C -k
Svdh S Ldmfe B YRk S 2480 4~ 10 ul ehreaction buffer 0 Ak b g R
£33 2 15> v » 2 ul e7]abeling reagent fr 10 pl 7 cross-linking solution
EHCR £353 2 {8 >3 37°CiT* 30 & 450 4 » 50%¢0 glycerol #73 3+-207C
VR

DNA z_#&§ $8 4 > #-if & ch% ¢ 2 DNA S U4pe>t 37 CT 8% 2_45 »
0.8%FE R T AL By RS eh d 4 DNA BB o 2 {8 BIE R
Milli-Q -k #3235 15 »3¢ 2025 NHCIi3 % ® R F 154 &0 &% £ 12 Milli-Q
kiFe 3 4ts 0 2 A7 0.5NNaOH v 1.5 MNaCl 3% @ 2 30 ~ 480 £
™ Milli-Q k% 3 & 0 sg s % &7 0.1 M Tris-HCI (pH 8.0) f= 1.5 M NaCl
Bied LREF 304 RS RFER3 T o F A TELEFRM < D
3 MM paper (Whatman) % hybridization transfer membrane ( Genescreen
Plus) > ™ ? % (methanol) B ;&7 % »* 10x SSC ¥ 5 445 » X g e
membrane ¥ >t 3 F NEF B LR E T 0 (7 1] PF{$P-T membrane &
* 5x SSC 5 4~ 4 > B {é # membrane _} #°k & ¥ §z 18 12 Spectrolinker
XL-1000 UV crosslinker ( Spectronics Co.) i& {7 DNA cross linking & =% o

“L{s i (7% 8% (Hybridization ) - % 3¢ #1if € ¢ hybridization buffer
(0.125 ml/em®) & 55°C » % membrane *< % ** § hybridization buffer e3¢ %
# (hybrid tube) ¢ > * 55°C T i& {7 pre-hybridization ¥) 60 4 4& o £ 4v » 1%
34 crprobe  (5-10 ng/ml) F| hybridization buffer » > 3% 55°C T i& 752 %

T % o

13



#-2¢ % 14 2. membrane 1 3¢ #4 ¢ primary wash buffer (2-5 ml/cm®) **
55°C ™ jj#& membrane 2 =t >+ =t 20 4 48 - £ * secondary wash buffer **
/£ T ¥ membrane % 2 % > & & 20 4 48 o B {5 % membrane P~ > 12§z
PR AL SRS 5 ARk A 5 4 » i B 5 detection reagent ( 30-40 ZEul/cm®)
T 25048 MiRFENRESENRY L9 5 0 Xeray film B 5 3 /] FFR
B 3¥483% # RNA i 5

BH - FEAEA 40 ml 7 TSBY 32 &R ¢ > RIE & & DFR LS
t& 2% 500 pl 7k 0.2 M sodium acetate 7% & =t o & {5 #1500 ul
resuspend buffer # > £ 4r » 200 pl lysozyme (20 mg/ml ) = 50 pl mutanolysin
(25 pg/ml) *> 37C# % 1] o Fdps 10 4 44 % 4 iR 0 %
R 5>t 500 ul pH 4.8 =17 acetate buffer » £ 4c > 500 ul g #% ¢9 acid-phenol »
PRI O0CIE® 5o LA 15 A4 P T b A
¢1 phenol/chloroform » . B~ b i » I 4e » 2 B A 99.9% HiFpE fo 50 ul
3 M sodium acetate > >*-70°C T Ll 3 /] B > 2 {sdpe 2 f Fik o 1
TS%IFpE Fie— X W FRT b dg 0 v £ 9 DEPC-HO 5 3% 4e » 1%
DNase buffer > 5 unit RNase-Free DNase = 2 unit rRNasin ( RNase inhibitor )
37 C i+ 1 -] FF> 4 » 3§84 2 phenol : chloroform (1:1) RF =3 15 >
oo 15 24 0 Pt ik te » 2 BHAE 99.9%0FpE o 50 ul 3 M sodium
acetate > **-70°C T AKIE R >4 C T dw 30 4 450 2 % g £ 75%
FPE iy o N F R T b doie w33 £ HDEPC-HO ¢ & * o
RT-PCR
B~ 100 pug 2. RNA 5 #75% » 4c » DEPC-H,0 & 6 pul» 4 » 2 pl 1375851
F o NRCTFR 10 2457853 4CT 5 2450 £ 4cr 3 ul MMLV 5x

14



buffer ~ 2 ul ANTP ~ 200 U MMLYV reverse transcriptase ~ 20 U RNase inhibitor »
AT T AiEH 1o T0C K B 10 2 48818 8> 4°CT -7 12 cDNA
g7 PCR F & -

4+ £ & & (Growth curve) #up] %

PH - FEREST 10 ml TSBY 2 4% ¢ R ess % 0 £ ¥t i i
Bt bR A 40mITSBY 2872 ¢ o % 0~ 1/ Pl O.D.goo ™
kiE o 2 SR 1) PR T sk RITI2 B SRR EES N wE
4 Ed Ao

i B F (Wholeblood bactericidal ) st # l3# (Thern et al. 1998)

PH - FE4aA 10ml TSBY 22 %% ¢ IEREB % > L B Bk i
Bt bl AR ARESTSBY #2827 Y > W 3TCR A 3 B F
AL 10 > KA B50 pl 4o r Iml 2x ? > B3TCRTE A3
 BE o 1% (plating count) 97 RN BOR At M friF BT L P i
Poo b RIF A R R 2 GBS A R a ¢ i 4 > HEB R RT D
7 4 5% £ 90 min P¥ 2 % killing ©

% killing = 100 — [CFU at 90 min + CFU at 0 min x 100]

Adhesion assay: % %% i 3 (Adhesion) %2

#* Schubert % 4 2. %% (2004) 4vr2i2ec > M - FE&MA> 10 ml
TSBY 33 &% ¥ Fpe35 & > 12 1x PBS buffer 7% F# 5 =t » & 18 ¥ 8
% %>t 1x PBS buffer ¥ # # #ik 5 0.D.goo=1 (% 2x 10° CFU/ml) - B~
A549 1+ R e S 3y &t 6-well 33 & x FR k33 & > 4 1x PBS buffer i
X o der 1 ml A F R ’L,FmDMEM £ 2 MOI = IOﬁﬂ*p%]'iiﬁ_
37°C ~ 5% CO, 35 % #6 ¢ B % 120 4 4 - 12 1x PBS buffer % w7 =
=X B ts * 100 pl 1% Triton X-100 #-iw% 38L& % > £ 12 900 pl 1x PBS

15



buffer #-F| 4k cnim?e 75 X B & 20 1 ml > #eiplt e 5k A 7
I 43 3% (plating count) 3 #cMF hlnfe P hFRE#CE M AT
adhesion &t * H_F T o

2 Ke

B x wm¥ s 4 35 (Invasion)

eolf e & o007 4 HR A R k2 Bk 0 4 1x PBS buffer if 7% F#8 2 = >
B {4 #-F R0 R 5> 1x PBS buffer ¥ 3 FFi & OD.ep=1 (52 x 10°
CFU/ml)>A549 + A ‘m®e =t X33 %>t 6-well BB £ [§ %3 % > 12 1x PBS
buffer i€ 2 = > 4e » Iml % 7 #3524 & 57«0 DMEM > £ 12 MOI = 10
HE 0 37C 5% CO 2 % 57 b % AS49 1 L im#s 120 A 4o 12 1x PBS
Fie A549 + L fmre 35 > 4 r 1 ml 2§ 1 pg penicillin G 4+ 100 pg
Gentamicin 22 DMEM >t A549 + £ ‘P ® > % 3t 5% CO,2 37CE %
P A 90 A&EIHE B inE b frimiE thihdmE o £ 02 1x PBS
buffer jji=fm® 5 =t » B {8 4 » 100 pl 1% Triton X-100 §7pLMm ¥z » 1 1
900 ul 1x PBS buffer s B4k thim iz 75 R £ 395 (8 » B-lmve R isiR
5117}{%%% I dE S 5% (plating count) 3R #cik » dnte RS 2 B o R
A REREHRBEMAGAE AR L wme a4 o

R FlF 2 FX 5 T wild-type GBS &2 HRib R R %o 1+ 4
Wehz Bfd, ¥ TAIBAR REN

A.Adhesion assay: m% *t¥ ¢ha; 3 (Adhesion)

£ * Schubert & 4 2.3 ;2 (2004) 4c1ii3:izx » ¥ - ﬁf’g’”#&};}éﬁ? 10 ml
TSBY 33 4 /% ¢ FE o33 4 » 2 1x PBS buffer if-i F# 3 = > & 15 %48
% %>t 1x PBS buffer ¥ 3 # ik 5 0.D.goo=1 (% 2x 10° CFU/ml) - B~
AS549 1+ R mre S 3y &t 6-well 35 & x FR k33 & 0 4 1x PBS buffer i
= S r 1 ml A7 ’?;iijﬁ"éﬁDMEM » £ 2 MOI = 10 m*];z]’i‘_ £

16



37C ~ 5% COy 32 % 44 ¢ B % 120 4 48 o %12 1x PBS buffer ik ¥ =
= B ts * 100 pl 1% Triton X-100 #-4m % $= g &35 > & 12 900 pl 1x PBS
buffer #-f| 4k chim e fo S PR & 3 1 ml> #eiB e B ER A 7R
Torr g A > 5% (plating count) 38R F hdne PR P AT
adhesion iy * H_F FTig o

2 Ke

B. & »chwm® 5 # (Invasion)

W R A P A KA R K2 FR 0 1 [x PBS buffer £ FH 2 %
B {5 #-F MR L2 1x PBS buffer 3 B ik 5 0.Dgo=1 (52 x 10°
CFU/ml )< A549 1 A fm% = 32 %+ 6-well 2 % = Fg 732 % » 14 1x PBS
buffer if#% 2 = » e » I ml %  #32 & F 7 DMEM » £ 12 MOI = 10 £
BE 2 37°C 5% CO, 35 % 45 ¢ B % AS49 1+ 4 m# 120 A 4o 12 1x PBS
Fie AS49 + A e 35 > 4o r 1 ml 7§ 1 pg penicillin G = 100 pg
Gentamycin 2. DMEM *t A549 + & mr ¢ » ¥ 3% 5% CO,2 37Cr %
S0 3% 90 AR MY hln e frime ¢ ihim i o £ 2 1x PBS
buffer ‘}%i%t‘fém P2 50 0 B fs Ao > 100 ul 1% Triton X-100 =gl km?z » ¥ 21U
900 ul 1x PBS buffer s B f| b thim e 75 R £ 395 (8 » #-lmve B isik
SR g 48 2 3¢ (plating count ) 3 #ici » dm e BTS2 BB 0 U R

B4 pREr R B HARREE A A S L a4 o

17



Ju

. B3
A EF - E AR 2 156 tRa iR 3 & FtR T § @ IR serotype I11
#_¢ % GBS & % & dorminant sy 5 31(37%) » # § A AT Q& 2HRE 2
HE A (T9% vs 22%) o @ b H S E2 Alp £ 30 25 0 %F GBS i3
F 2 F @ v hfEsE Y serotype 3 B0 H ¢ serotypelll shERT 5 76%F F
rib A 7] 5 i&— # % & serotype £2 Alp % & F-v i& {7 & subtype 4 7 » =
#w) 41 25 48 serovariants > H ¢ & g4 e E_serotype IIl/rib s ik 28% 0 » i
ATA IR A0 69 A ihd e Hag S 78%ATA 52 GBS Fec il A & o
subtype o 714 » 58 & LA FFT 7 &t 0 Rib -9 % serotype III GBS it %
Pt Rt d o X HE ARTA QNG kg MY Rib hH i % £
immunogenicity £ protective immunity 2_ ¢t > H s F 5 R 4 oy g 22 4
Poaniv? g% > %% 2aC 9 k& F %% (adhesion) 2 p #
(internalization) ¥ ¥ 14 ¢ colonization <h%]=+ > 5 B i & K 48>~ H13F
dorib RFRZ AR 0 8- A RRFRE TS R GBS chaopa 4 2 A
FiRnL B U E M 4R Rib 30 3 %4 GBS i 6 4 2 & GBS

Bhasd o f 8% e

A.tib & F % % e
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d FEREOTICR 2 TRk FTAB523 0 #B-H 4 4 H DNA > 1% &2
515 (£ - ) &7 PCRF & » #3360 bp 2 rib A FI30i> 2 £ > 46 » H 4
pVARIl ¢ = = & = F 4 mﬁ_% (pMW395) o £ % T & #& 7| it *
(electroporation ) #=> ;% i » 3] GBS B523 # - %] pMW395 4% > ¥ & GBS
A2 ori mE B FHAE-¢ e RIEE 2 (homologous recombination ) 73
>3~ GBS e F Rap Jl%%:ﬂ A RPN 2 ori BFAFE o AT F U
z 7 Erythromycin 3% % A k & E #wk (Fig2) -

P 1 RFELETHATRE D rib ATzl o 4 B3PI A e
AthenZ 4 R DNA & (74 & L83 o 1% *L4) s Ndel - Spel *» 2] % ¢ 48
DNA » "3 A 2 dris > 12360 bp 2 rib P KA FIF L 4 EF 2
S B EEA G o TP 4 hRA 0 4 ¢ A DNA 12 U3 F Ndel 4 Spel 15 % 1
7 Lkben? 5 mdEsatkp €27 <] 5 7Tkb 9 DNA 7 £ (Fig3) o d
30 BB B REY T HHE N b R LE R AT single
cross-over 2. > ;N AL R F 2 rib A FEF R IRMEE 2o & rib R F T KB
B P g, gt Rib k9 BFREHRE -5 SWT701 -

- H%FES RSO AN T T R E BT HE ~rib
AT TR P TS § T )T*u,fi 2 400 rib ZL Fleh mRNA 2 i 4] RT-PCR
K47 rib A Flend R > S5 BT A RT Ul § aigdr o @ orib A7)
FBIRP & EE(Figd ) P &2 RenR Sfhawg s 3 1 i 4 o
¢ s rib A F]eh™ 2?3 - B transcriptional regulator (sag0432) - ;
OB AR rib AT friachiig 2 g BEI A T AT A R A
P 12 RT-PCR 1= 2 jp] 2% Rib 36 5 T 254 Flend o 5 % A7 & SW701
¢ sag0432 X3 X DI rib A Fen® R A BEIE LR Flp v 'Mw%b#%“,ért

polar effect =3 % o
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B.rib 3¢ & GBS 2 £ trf§ %

d > Rib 9 5 GBS ehd & 30 > 5 7 /i ? R Frib A FAE

ERBIRBRFADL L L G TS e rib AFRFHRE £
4

O])600

%
TSBY £ % ;% & {7 in vitro 2 £ i F ehA 5 > & [ — B -] PP
ok iE k dplH A R SR PRI A BRE rib AT R B4 £ A
FEPELR (Fig.5) d 07 ahr e P Rarib AFL 7 ¢ B8
SW701 e04 £ o

C.rib & F1¥ GBS 3% 5 # en 3F
TR rib A FIAE S8 B AR FREHE 0 T {1Y 7 oo

AR BRI A RE rib AT R R B R 4 hE R
a. fv2w M Fi ? (Whole blood bactericidal assay ) #%

B BEMARAE AL R 0 € n I A LA e o 4
Wared P B1 R FF% BFARFDOLA w2 j B
(macrophage ) ~ ® #£v x 3% (neutrophil) {448 (complement) % > d **
HABRDRRIL RRBFLORE AR THHE A LT N E G B EL
W4 > 5 B RibFd GBS Y L FEG M2l M d > Aips
B0 4 tforib AT R ¥R (1 x 10° CFU) & 4 chx 37 24 3]
PFo R FRPLr e MRS IR BRI L RE G R
2 B 4 (45%10°CFU); @ R P3S4 d & B F i 4 plss (9

x10°CFU) = i~ % £ '3 ¥ 2 Fsnd o i 4 » #FRrib A7 5% %
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P4 R 994 $ken20% (Fig.6)» Bim Rib 3ov B2 § 4532 b B ehi
4 .
b. #ii i+ (Serum bactericidal assay ) # 5

57 {3#- 972 Rib v Fisfird R 4 L8H LA e
AR T ® > AP Ao g N r TR ;—}g&/w\;%}é; s 2_ {8 H-TF 4 fRderib
AFIREHRA B EEHS6 2304 482 fﬂ‘%ﬁ«é thehd i A2 “T?ﬁ”ﬂ?ﬁ
B 37 KRR A 3R AR RS F b5 gATH L Y o
E /é—?i—iaﬁl °"p‘l§%§‘“§‘—7‘l‘ ’ E;i*#\‘f‘—"”bi%'ﬂ;Q%* £ Z‘d’%ﬁm_ﬂ. 2 +v H

RApk (1.5 x10°vs 1.46 x 10°CFU)» & & ¥ 4 fus i # 4¢ R4 Fi

Th
4
A=

4 ihg B4 72 @A (2.5x10°vs2.4 % 10°CFU) (Fig. 6) -
c. fmpF> " (Adhesion) & » (Invasion) F A ‘m¥e cfig 4

hwmEE s g AR 0 50 iR I LFEE SRS LR
%%-"W?@i SR A NP A LR "’T" a”"@;'}bmi}ﬂ;'&'f *opoe
L g F F] 3 R ] A e fe b 04345 Stalhammar-Carlemalm % 4 (1999 )
SR G TR R AATE A 5 39 B R28 H A B 7{r Rib 36 F
i RARE B 0@ R28 Fed & itk iHAAIR - EF TS 0 T U Fes ik
Maask T A g Ldmre o 50 7 2 Rib 39 FALE 4 i §Tet GBS =

NPT A ST L R o Al MOL =10 £ (107 CFU) g % AS549 + 4
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fore 120 A B 2 (8 - g B AR R R A R rib AR ¥
A E S AS49 AL e a4 o BT 0 RBHREF T AS49 F A ke
thiv 4 (2.8x10°CFU) P A1t 75 4 & (7.9 x 10°CFU) i€ » ¥ 4 27 4 $5
¥4 n35%=+ (Fig7)e st %% 87 Rib J-9 ¥ GBS ¥ 5| 4 #f
FRAmEaR A TR R E R A o
d. & » (Invasion) _} & m¥e ey 3

8- B3t Rib 3% £.F 24 §et GBS &~ & feht 4 dw¥e oy
4o A PRIE T3 & HRTF 2 HR rib A 1R #1502 MOIL= 10 s £(1.3 x 10
CFU) R %4 A549 t & dm®2 120 4~ 45 > 2 gentamycin % penicillin # 7+ ‘m e
henmE g R RS R R R ke AR R rib AT R #®
BN ASA9 F L i 4 o RN 0 REHRE O ASA9 1 A e i
4 (7.2 % 10° CFU) 4% 4 $k (7.7 x 10° CFU) #p £ % + (Fig. 8) % 7%

Rib F-v F 7 i fr B ¥4z iz » A 87 L lwfe g 4 & 2 4pBf o
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T~

d w9 7w I serotype Il ehg R ® 5 76%+ 7 rib 25 Flefg 4 0 7
FAR AR X E 2R A hd & A KT Rib 3-v ¥ it & serotype 111 22 GBS
ii:)ﬁ%,ﬁﬁﬁb] PEERaid ;e “,4rf 7 @ Fr immunogenicity £ protective
immunity 2. ¢ > 5 M3t Ribehs s &4 p w07 G5 o A3 ;ﬁd rib
R RV RRFRET L R GBS i F B A L R
ZFIRID 39 ¥ it . GBS ' F 3% F AL e e AR iH E R cndk & o ,Tk

& Rib F¢ FH# T wmARpL 4 FEH S 6 0 AP FRAEHRE 28
237 BE3 PP ARRILBEFDN S X OR G B2 RD20% > B
7 Rib 0 Fafsfi2n MAPFTLEL £ o p o ¢ B #FHERFHY K
Do B R 4 FF 5 ROEE B o o B ARSI W S Frdla i F]+ C3b
5% 1 wpF 4 @ % L opsonophagocytosis ( Marques et al., 1992 ;
Areschoug et al., 2002 ; Jarva et al., 2004 ; Jerlatrom et al., 1996 ) » =14 ?;"3 g A
T Y AR AR e ik ¢ o @ G AR o APOL RIS
2 rib R R FRE A 4 B S FERMEDLE FEP RDb 30 fr
W4 3 M2 GBS g d v FF 45 2 4
Mo w IRrcE e 4 o Ra Rib kv SILd B imre child] 0 PR T R 2

Pl @ BB ISLE e & 0

- WP BRER o
B 0L AS49 R e R TR MR R B IR R e N e 4
CRHRF AR A% 0 D AR mie i 4 PR PRESLE

#P Rib Fv9 i>% GBS 't ¥ F|+ & ¢ o pm ¢ & ScpB~Lral % FbsA
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£309 Fi GBS ELR i FFF > g EFFFE G - BAREL
¥ & 5 d fo extracellular matrix % & Kk §Tes GBS 't ¥ > 4 ScpB €

i

& fibronectin>Lral % & laminin> # FbsA R {v fibrinogen % & (Beckmann

et al., 2002 ; Cheng et al., 2002 ; Spellerberg et al., 1999 ; Schubert et al., 2002 )
m Rib F-v £ 7%+ Jrizk % F F1+ - %% @ {r extracellular matrix %
£ g gjﬁ*é PR gFRF o L kg d a4 > DEFA
%ig- HEM o P Rib Fov fho 2B A L BE L 2B
4R A kAR hR 4T o

Fyp el fe B 7 ot $8 1 SR 2 4ask Fehd @ 39 F R28 & Rib &
v AR iR AR 8 (Fig.1) > @ R28 F-v @ AREP & 1 Ik {H4AIR F2 & 5t 7
%+ (Stalhammar-Carlemalm et al., 1999 ) - d 3> R28 F 3 2> GBS # » 7]

7 FLE 7JLR R28 F-v HjE GBS ,%gr} Tl A 0 sV xR [ 4ATR
7" (Stalhammar-Carlemalm et al.,, 1999) - 2005 # Lindahl ¥ * 3 Alp
family proteins ( & 35 R28 3% % Rib }v ) A FEFHILE L 5 4 B ®
# (Fig.l1)> “,f T CHERES CRETEAN B e B R
PR AT hipE Y FRAY- FE IR GEIE A w5 G
Moo SRR ERFEF ORI A RiEd AR B REFE D Rb £
T2 @& Rib v F2 g riie- HF -

d »* Rib 3-v #_invasive type Il GBS i & ch Alp % & F-v > I ¥ type
II/rib » 3 & i = X742 2 meningitis 7 subtype; ¢ % Rib F¢ 3 80%4_d
tandem repeat 9% 3 “TH = - @ H tandem repeat it P A TRA FjthNE R
A% 5 ¥R #7124 Rib 2. tandem repeat ¥ &t £2 invasive type III GBS 2.
virulence & R EARR G M 0 XA B8 <P repeat #f RENIF

Yoo E_F ¢2 GBS dhvirulence 7 B 0 B oW & ko IR E L S A o
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oC Z repeat $8 4 ¥ it &_protective immunity 7 target i~ ¥ (Kling et al., 1997;
Madoff et al., 1997); ¥ *b &3 iy fiim2 T > ®aC repeat (77 GBS #
I 5 ch virulence (Gravekam et al., 1998) o #7112 { 4v 2 3% Rib e repeat % 3
i GBS Iop i dlenE & 2 o d 3% j\?%l}b’ﬂ#ﬁi rib 2 %4k > 1L & ¢ &0
Erib AFN 3 R & 970 £ endithic B R F1RE ¢ U repeat ® B R
R AP H# R PORBRHI I TR gERR DI - Rangk o Flp o

* R iR-F £ G2 (7 repeat-deficiency 2. rib R RHER 0 - R

Rib 3¢ # GBS E%ffliiﬁﬁﬁf‘li LR A 1 e F S
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i~ ":’IT m—'l’? vi
FRUFE Y rib R AR R R E T2 B4t GBS R it
B EHnL R d AT enE % F R Rib F9 ¥ it & GBS ¥ 7| A549
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% - *F 3 #7132 Group B Streptococcus PCR 3 t5 & Ji 51+

Primer mer Sequencesa (5°-3”) Location (bp) Reference
Rib-1 20  AGGCGGCAATTATTTCACAC 405-424 Accession No.
U58333
Rib-2 20 TATCGGCATCTGTACGTGGA 984-1003 Accession No.
U58333
Rib-4 20 TGGAGTTGCATTCTCACCTG 3672-3691 Accession No.
U58333
Rib-S1 38 CGCGGATCCGCGTACAGATACTGT 216-253 Kong et al.,
GTTTGCAGCTGAAG 2002
Rib-A3 41 ACATGCATGCATGTCATCTATTTT 530-570 Kong et al.,
ATCTCTCAAAGCTGAAG 2002

a: Restriction sites used for cloning purposes are in underline.

*: Restriction sites used for cloning purposes are in underline.
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% = ~ Distribution of serovariants among different age groups

Diffe’enta gger ou p s

16-50  51-70
Serovariant 0-7days 8 - 9 0 2-d5aydars years years  >70 years  Total
latotal 2 3 - 5 10 8 28
Ia/ bca 1 2 - 3 1 2 9
Ia/ rib - - - - 1 1 2
Ia/ alp2/3 - - - 1 - 1 2
Ia/ epsilon 1 1 - - 4 3 9
Ia/ND - - - 1 4 1 6
Ib total 1 1 1 6 1 6 16
Ib/ bca 1 1 1 6° 1 4 14
Ib/ alp2/3 - - - - - 2 2
[l total - - - 1 1 5 7
11/ bca - - - - 1 1 2
II/ rib - - - 1 - 1 2
11/ alp2/3 - - - - - 2 2
11/ epsilon - - - - - 1 1
[11 total 8 25 - 6 13 6 58
[11/bca - 1 - 1 1 1 4
111/ rib 7 22° - 3 9 3 44
111/ alp2/3 - 2 - 2 3 2 9
111/ epsilon 1 - - - - 1
v/ alp2/3 - - - - - 1 1
V total 2 - - 11 11 8 32
V/ bca - - - - - 3 3
V/rib - - - - - 1 1
V/ alp2/3 1 - - 94 8 4 22
V/ epsilon 1 - - - 2 - 3
V/ND - - - 2 1 - 3
VI total - - - 2 1 1 4
VI/ bca - - - 1 - 1 2
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VI/ epsilon - . - 1 1 - 2
NT total - - - 1 4 5 10
NT/ bca - - - 1 4 2 7
NT/ alp2/3 - - - - 3 3
All 13 29 1 32 41 40 156

NT, nontypeable; ND, nondetectable.

“ Refers to serovariant III/rib in early-onset infection (53.8%) compared with all other patient
age groups (25.9%): P =0.049, odds ratio (OR) 3.3; 95% confidence interval (CI) 1.06-10.59.
® Refers to serovariant ITI/rib in late-onset infection (75.9%) compared with all other patient
age groups (17.3%): P <0.000001, odds ratio (OR) 15; 95% confidence interval (CI)
5.7-39.44.

¢ Refers to serovariant Ib/bca in 16-50y group infection (18.8%) compared with all other
patient age groups (6.5%): P =0.04, odds ratio (OR) 3.35; 95% confidence interval (CI)
1.07-10.47

4 Refers to serovariant V/ alp2/3 in 16-50y group infection (28.1%) compared with all other
patient age groups (10.5%): P =0.0195, odds ratio (OR) 3.34; 95% confidence interval (CI)
1.28-8.74.
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Fig 1. @ 2 w #& Group B streptococci Alp F-v 7% 7t & o S, signal peptide; N,
nonrepeated N-terminal region; R, repeat region; C, C-terminal region, RN, nonrepeated

region o 3 —‘ﬁ Fov BATREor 22 At G H g AApidp 42 R - (Lindahl et al., 2005)
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S []11111011)

216 — 570 N
Rib-81 KibA3 rib gene
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Ndel 1 ki Spel
Mwiamt ’ EmR

Fig. 2 Construction of the rib isogenic mutant. (A) The partial rib gene was amplified by
primers Rib-S1 and Rib-A3. The PCR products were digested with BamHI and Sphl then
ligated into pVA891 and named pMW395. The plasmid pMW395 was transformed into the
wild-type strain by electroporation and integrated into rib gene by homologous
recombination. The transformants were then screened by the erythromycin-containing TSBY
plate and further confirmed by southern blotting hybridization. (B) Southern blotting
hybridization of wild-type strain (B523) and rib mutan strain (SW701) probed with 0.4 kb

fragment of the rib gene (216-570). Both of two genomic DNAs were digested with Ndel and

Soel. Lane 1, ADNA/HindIII marker ; lane 2, B523 ; lane 3, SW701.
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Fig. 3 Southern blotting hybridization of wild-type strain (B523) and rib mutant (SW701)
probed with 0.4 kb fragment of the rib gene (216-570). Both of two genomic DNAs were
digested with Ndel and Spel. Lane 1, ADNA/HindIIl marker ; lane 2, B523 ; lane 3, SW701.
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Fig. 4 RT-PCR analysis of rib gene and its downstream gene (sag0432). Lanes 1 and 3,

wild-type strain B523 ; lanes 2 and 4, rib mutant strain SW701. Lanes 1 and 2, amplified rib
gene ; lanes 3 and 4, amplified rib downstream gene (sag0432) ; 16s rRNA indicated an

internal control, and RNA control indicated a negative control.
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Fig. 5 Growth curves of wild-type strain (B523) and its isogenic mutant (SW701).

40



-

1.2
= 1
-
L=
E 0.8
=
ERY:
=
5 0.4
=
B
Z 02 I
i
B523 SWITO1
B 40 -
200 L
£ I [
= 160 L
5
o1 L
-
2
E 30 L
“ 40 |
1] 1 1 | | 1 | |
B523 SWTil B523 SWTL
Serum pretreated at S6°C Fresh serum

Fig. 6 Whole blood and serum bactericidal assays of wild-type strain B523 and its
mutant strain SW701. Wild-type strain and its isogenic mutant strain were incubated with (A)
whole blood, (B) serum, pretreated at 56  for 30 min and fresh serum, in 37  for 3 h. The
bactericidal activities were compared by plating count and the numbers of survive bacteria
were related to the number of input bacteria. The values represent the means + standard

deviations of the means from at least four independent experiments.
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Fig. 7 Adhesion assays of wild-type strain B523 and its mutant strain SW701 to A549
epithelial cells. Wild-type strain and its isogenic mutant strain were infected with A549 cell
line for 120 min, and the adhesion activities were compared by plating count. The numbers of
cell-adherent bacteria were related to the number of input bacteria. The values represent the

means + standard deviations of the means from at least four independent experiments.
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Fig. 8. Invasion assays of wild-type strain B523 and its mutant strain SW701 to A549
epithelial cells. A549 cells were infected by the wild-type strain and its isogenic mutant for
120 min, and were then treated with penicillin G and gentamycin to kill the bacteria on cell
surface for 120 min. The numbers of intracellular bacteria were related to the number of input

bacteria. The values represent the means + standard deviations of the means from at least four
independent experiments.
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