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FE [ By 1K M41 A A BE4E Bk (GAS) ATCC12373 v T B SR 2R 11 (Sell ) 5 A% B2 ig & 11 (LDL)
W EAER . [ 73 ) sk T M41 5 GAS ATCC12373 #% T %) JFURE B 11 (Sell ) B H VX (Sell-V) 3L, I
ik Ak FEAE A Scll (C176) Fil 1Scll-V (C176V) . it F 4 & 11 5 A 3K /Y 5% 615 )2 87 . Western
blot % it B G 28 W i 56 ( ELISA) K C176 .C176V 5 LDL (W AH B AEH ;i ik GAS 55 LDL () ELISA i % 1
A3 5 GAS L & 5, K GAS 5 LDL M B AR . [ 458 45 £ UEm €176 Fit C176V #] LY LDL
Fe eSS G 3R6 Scll i) M41 5 GAS Wf L5 LDL #1454 . [ 4538 1M41 7 GAS fy Scll W] D15 LDL 4§ 57

L RE

KGRI . A BERERRE ; 1 B E IR IR E A

FRESHES: Q936 X HRFRIRED : A

A B¢ 4% BK B ( Streptococcus pyogenes or group A
streptococcus ,GAS) J& —Fp I 2 R HHEBUK B, B &
LT AP i B JB , P | A e R SR, R R 4L
PR PR IR LR A IR SEE A IR WL 45, O
AL IR MR S 5 E , A0 St B /N ER B R R XU
PR AR AN T M R (1) R, GAS
Wi4r K 100 24 M BT GAS R & £ H S
FLoEEAEE M E A BRI g R
M FEEASSEAT MRFEREAS

GAS 1Y Jiit 5L #E 25 9 ( Streptococcal collagen-like
protein, Scl) J& 2000 4F Ji5 A BL A —Fh & B T, 70 A
Scll 1 Scl2 BiFh"™ LB FR A SclA Fil SelB” " H:
S50 5 0 FL 3 W i e U 2L Sell N-K S 75
AAF T IR AETE G AR D BR , LAY Sell 1Y
SR AL G N-R i 3F 2 i Al 22 X (variable region, V
X)), K AH 4B # g IR #E X ( collagen-like region, CL
IX) (i 4% IX (linker region, L [X) 1 4f i) BE X ( cell-
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wall/membrane region, WM [X.) , 5 Scll #HH,Scl2 7E
5K BB LX) X Sell BThEgE, A2 #47
TS, KRR M AL GAS B bk Y Scll
LR CPNCEL e (1 VAR 137 S S W TR |
PRIE A B H R O £ 4R
A 4 g A N T GAS X 16 2 A IR e
AN L R B GAS fig M2 Fn M1 M12 M28 \M41
(MGAS6183) " I bk ) Scll 7] LU it H V X 5
% %% J& I8 7 14 (low-density lipoprotein, LDL) 45 &, {H
O P A B S H TR RIS AE L IR B SR A R R
M6 #I GAS i Scll 5 LDL 254",
KTk S5 —kk M4l B GAS ATCC12373 Yy
Sell W #% R &k & LWy 5 (5 M4l & GAS
CMCC32198 () Scll J¥ %1 #f [F], GenBank i 5% 2.
EU915249) 5 MGAS6183 [ Scll ( GenBank I 5% % ;
AY452037) BEIRER, —FH V K& FEWR ¥ 51—
HMEh 65% (K 1), A#FFEd, 34T 5 &
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ATCC12373 fy Sell K H V X (Sell-V) H [, 75 B
FrMaife T & H VXK . CL X EH4 L IXHE
Y1 1Sell (C176) Fl Scll-V (C176V) (W& 2) ,
WESEZ R Scll 3he 5 LDL #¢ 5 k45 &, X Fl 45

ATCC12373 Scl1-V: 1 DIWDQEQSRAELLR
MGAS6183 Scl1-v: 1 EDSETATARTKLLE

E
K
ATCC12373 Scl1-V: 43 SYDSVELYNYLKR
MGAS6183 Scll-V: 43 [SYDSVELYKYLQQ

B MRF-AE GAS i AT — 5 1935 ik 1, O 2k — 22 0 #r
Scll 5 LDL A H. A I 849 73 7 45 40 B A= W 2 0 X
PR AT LR B R

KLTDLRBSQSANDVPKIND [QRENTWWGT| 42
KLTHLRSQSAUDRVPQISPITRAY[LWGT] 42

TEEYIE QKDHEEKQ‘EITDGLKSDALR 84
[EEYLIQ QWKK

QKYHEE EITDGLKSGALR 84

1 M41 Z GAS ATCC12373 1 Scll-V 5 MGAS6183 i Scll-V HEEBFIHNERER (FERNAIHEBEER)

Fig. 1 Protein sequence alignment between Scll-V from two M41-type GAS strains, ATCC12373 and MGAS6183 (the same amino acids are

marked with rectangles) .

1 AR %

1.1 ##
1.1.1 bk R 25 1A . GAS ATCC12373 (M41 %Y, 5

FroM4l) Mg H SE R AR fE E ORI L BT, GAS
CMCC32175(M6 AL, fij ik M6) Il H 1 [ B= °7 G A= ¥
PR ol DR 4 B 0, K FF 1A Escherichia coli BL21
(DE3) g B g A T AW TR ARARA A,
pASK-IBA2 #{&M A IBA A1,

L2 S A « BRI N DI BE Bsa 1 10 A
NEB 2% w5 2 7 5 [N 41 DNA$i& B0 & F J5fE 1
W0 & A b st RARAE YRR AT BR 2 W 5 B R I
[ S A 4 AL 1R B B Promega 23 W] 3 DNA % $24
5l & Wy B TaKaRa 7\ 7] 5 Strep-Tactin Sepharose 10 x
Strep-tag Elution Buffer ( Buffer E ), 10 x Strep-tag
Regeneration Buffer( Buffer R) | anhydrotetracycline 1
Strep-Tactin-HRP 1 5 IBA 2\ ] ; 2 11 & 520 22 1K 5
& W H Pierce /2 ] ; LDL ) [ Chemicon /A ] 5 3£ it
N LDL Z 4l A Sigma A ] ; ' H1F [gG-HRP 1§ F
R&D Systems ; Typtone , Yeast Extraction 1 Agarose 1
% [ OXOID;Bacto™ Todd Hewitt Broth 4 [§ BD 2

Al B IR A B b5 SURE SR s 3R S T
b B 550 Sy [ 7= o A 4l o F 11 43 2%% . PCR AT
BTN BB A PR A B bR AW B BioTek 2y
Al ;CO, KRR H SANYO A #5653 308 VR 85 0 bl
W4 B Eppendorf 2\ 7] ; B &K EG M R 52l A L
KueFHZ A RAF

1.2 @EEsE"

e LB KGR B B 5% E. coli, K5 3R A F R
37°C ,200 r/min; 55 R IB T E LB E. coli [ H;
Fi 5k h:30°C ,200 r/min, £ 3E M41 % F M6 #l
GAS B, 2543 5l B 200 WL VR 7 B Uk Al T 1P Al
(BEFHRWY 1.8% ,Agar 2% P41 10% ) I,
TE CO, K5 J2 40 N 1 2 15 9%, 85 9% 41 M 2 37°C, 5%
CO,, #& J& 1 JC T8 A 2 1 B il 7 AR b A 40 B 32 A
100 mL THY ¥ 33, 76 CO, B Hf PR # T
0D, =0.5-0.6,

1.3 EFE%RE

1.3.1 5|4¥.{#i ] IBA A AY Primer D'Signer {4
Wit 5. AR4E Scll. 41 FLPH M7 25 53, LA pASK-
IBA2 y % 35 #04K, Bsa 1 Jy i ¥ fi7 45 % i Scll
(C176) KV X (C176 V) 514 (51 P oI Lk 1) .

x1 XHARFASY

Table 1  Primers used in this study
Primer Sequences (5'—3") (BSA I Recognition site underlined) PCR product/bp
scL1t FORWARD: CTCCACAAAAGAGTGATCAGTC 1299
REVERSE: TTAGTTGTTTTCTTTGCGTTT
C176 FORWARD : ATGGTAGGTCTCAGGCCGATATCTGGGACCAGGAGCAAAG 989
REVERSE: ATGGTAGGTCTCAGCGCTTTGTTCGCCTGGTTGCTCTGGC
C176V FORWARD: ATGGTAGGTCTCAGGCCGATATCTGGGACCAGGAGCAAAG 287

REVERSE: ATGGTAGGTCTCAGCGCTACGTAAAGCATCGCTCTTAAGACC

1.3.2 7359 Scll S )\ M41 %Y GAS w2 Bt
21 DNA,J Scll ZE X514 (5197751 W4 1) ¥ 5%

Scll FPH 88 &k :94°C 2 min;94°C 30 s,55%C
30 5,72°C 1 min 40 5,30 P4§¥6;72°C ,5 min'® . 3]
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Yl b TAEY) TR AT PR WA 00 9 3 7 Y
b 5 5 %8 A R A BRA W AT
1.3.3 Py C176 1 C176V . L M41 5 GAS KR4
R, P H% C176 F1 C176V, C176 4% 251 h -
94°C 2 min;94°C 30 s,68°C 30 s,72°C 1 min,30 4~
& ;72°C ,5 min, C176V § 38 444 .94°C 2 min;
94°C 30 s,68°C 30 s,72°C 30 s,30 PEIH;72°C,
5 min G Y 1% SHUNE B BEKEHL DR AR IY o 94
(1} C176 751 g 4ifih V X (252 bp) \CL X (639 bp)
Ky L X (63 bp) i HE P, 3 954 bp; §7 15 (1
C176V J¥ 3 Jy 4ify V X (252 bp) BB, R EH
Bsa 1 43 5)| lE UI pASK-1BA2 K 4lifk J5 (9 4 54 7 91,
it 0 7 ) U0 B WA i 6 A o 4 3 7 W e Ak R 2
A& E. coli BL21(DE3) , 1T 7% PCR % & PP v R
1.4 EAZEANESRERGL

A C176 Fl C176V f)if G 3 ik K 4lifb )7
B2 M OIBA A w8 AE T, 4ife )5 09 & B PBS
AT 24 h, SRR E R A
1.5 C176 1 C176V 5 A LDL W& & 5008
L5.1 GERMEAREN " B3 A S mL 2755
it A 0.2 mL Ay Strep-Tactin  Sepharose ( 50%
suspension ) , Jf: F Buffer W SF4 . H4lifkny C176 F1
CIT6V % S0 g HIAFEth 2 A J2BF 4ol ffF C176 A
C176V i@ 1 C-K % Strep-tag I 5 Strep-Tactin
Sepharose 254, %5 1 N E M AEAS N A AE A BA 4 Xt
W, 985 M Buffer W B R Z T AE IR £ RS &
FLARE 3 AR R & A 0.5 mL AL, Z )5
H Buffer W i 1 DLk 2 R &5 45 & H, #7 /] Buffer E
Ve BT R o i WO O AR L 109 B =
AR ULYE, K 1 h J5,4°C, 10000 r/min £ 0>
10 min, 2 B3, 8 A ULHEM 30 pL 1 mol/L Tris-HCI
pH8.0 &7,k J5 M 10 wL 4 x Sample Buffer, 7 i
5 min, 4 B 5 KE 5 SDS-5 DY M Bt R BE R HR Uk
(SDS-PAGE) 61 .
1.5.2 Dot blot: K 3% F1 €4 3% J2 47 5 il 45 19 & vk
i RUTE 2 BURH R 4T 4 R R |, 23 i HI R A6 LDL
MEHFE . FHRET LDL BB & 5% Wi IE 0k
() TBST f (4], LA 5t A LDL Z 471 (1: 20000 1% i
B —dt, § P IgG-HRP (1: 4000 177 B ) o —
U, A ROCRY G TSN B, HIR A
HHE AR F 2. 5% F ML & g TBST &
M1, Lk Strep-Tactin-HRP (1: 100000 1% £ ) b Fi 4,
AL ROCIEY IR T = N 5.
1.5.3 By Ik fe % W B i 3 ( Enzyme-linked

immunosorbent assay, ELISA ) ; 4 57 Bt 46 fk i C176
M1 C176V, H PBS H#i BE ¥k JE h 2 wmol/L, B £L I
100 L Z i T~ gk 96 fLEgFRAR 1.5 h, [A] iy &% B4
KGR B 22 05 BT TBST SE ¥ B bRl 3 U, #F &
1% 25 L35 1 3 A TBST &1 1.5 h; 3 41 )5 v %
B Am A, A 3 Ak BE Y 4 4k LDL (4 5l
10 ng/fL.5 ng/fL.2.5 ng/fL) Fil THEH 1.5 h; R
J& H TBST B 3 W, LLE4T A LDL 2451 (1: 15000
FERRE) I —90, 9P F 1gG-HRP (1: 1000 1% 7 & )
S = Hi, PO BB 4 B (tetramethyl benzidine , TMB )
RIEY), IMAZER S K 0D 5

1.6 M41 ZF1 M6 % GAS 5 A LDL 44 Lie
1.6.1 ELISA % M41 BIF1 M6 I GAS 4> %853 T
100 mL THY ¥ 3 5, T 37°C,5% CO, & T &
FEE 0Dy, =0.5 -0. 6, 5.0 RS 4N 15, ] PBSA
(PBS 13 0.02% NaN, ) P18 3 IKJ5 &0, 2 B
SRJG ] PBSA K 41 i B 3 MM BE, OD g 53 51 Ry
0.06.0. 10.0. 16, B4 ¥ B W 45 4L 100 wL T
9% 96 fLEEFRAR 1.5 h, [ i 152 B K B PR B 2
J F TBST Y B prAR 3 W, & 1% 41l iE 1 &
FIAY TBST =i T 3 M 1.5 h; fi ] TBST ¥Ei%k 3 ik,
WA LDL 0.5 ng/fL, W F#HHE 1.5 h; R 5 H
TBST % #%, KL =41 A LDL Z HT (1: 15000 1% 7 F )
J—Pi, P L TgG-HRP (1: 1000 %5 i ) S — ¥,
TMB HJEW, I ALK LS K OD s, o

1.6.2 JEWFESIe ™ 4k bR O uk R M4l AU AN
M6 %l GAS % 0D, =0.5 - 0.6, 5.0 W 4 40 1,
PBSA JEH 3 K5 B0 2 L ; H 5 mL PBSA B 77
TR TLTE , & B 1 mL B JEEW, 20 5 A 0.1 mL
NI B 0.1 mL PBSA (B M X &) , 1R 21 5 WK
1 h,#XJ5 4°C ,10000 r/min B> 5 min, 3 I ; 40
DUUEH] 1 mL PBSA ¥ 3 AR JE &0, 58 13, B
200 L 0.1 mol/L PH 2.0 H &R & 17 40 W UL e, =
IRAEF 15 min, 9% J5 4°C ,10000 r/min &> 10 min,
W B s oK LSS RO 10% = A L BRULTE, UK
1 h,2ZJ5 4°C ,10000 r/min .0 10 min, 3 b ;&
MHUTYE A 30 pl 1 mol/L Tris-HCl PHS. 0 £ %, /i
10 L 4 x Sample Buffer, % # 5 min, % J .

1.6.3  Western blot: HUAt 0% & 3 56 il £ 09 £ dh i
SDS-PAGE (4% W45 K¢ ,6% 43 B3 ) , Mo ik S5 ¥4 B
T MR A 4 R W% A 0F M 400 mA L3 hy
SR JE K MEEFH B 59 JRE Wik i TBST 3f JA] , H A4y 20 B
5 Z i Dot blot £l LDL 4 J5 i AH A .
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2 #X

2.1 EEREREARIE, 4

L M41 % GAS ATCC12373 3 [H 41 DNA i
B, §7 3G Scll R FIF . 7y 45 R R BZ Scll B
¥ %1 5 M4l # GAS CMCC32198 Scll 3
( GenBank W 5% 5 : EU915249 , A% 52 46 %8 41 38 ) ¥ 4l
SEAME .. PR C176 Fil C176V 22 1% B Wt
JE L kRIS R B R /NS S — 3, G
YY) bS8 TR PCR e FHAME v B
FEE BH P o B EA TN, 0 45 SR 0 42 IR A, DT A
# T pASK-IBA2-C176, pASK-IBA2-C176V % ik #
B, RG1ESRBIFaEEAEA(EHLAEH C176,
C176V 25 R Z K LI 2) o

C176 | V (84an) | CL

C176V| V (84aa) I

B2 T|HZFEHQ C176,C176V EHR=E

Fig.2 Schematic representation of rScll constructs ( not to scale).

| L |—|S'trep-lagHI

V, variable region; CL, collagen-like region; L, linker region.

2.2 C176 1 C176V 5 A I 3 & 3£ #n & i = #7 ik

Walifb 5 i E A HEE C176 Fil C176V 5 A%
B0E A 3 2 87 L 5, 3K 50 J5 45 2] A9 A & SDS-
PAGE J Dot blot £ ill, &5 5 (& 3) £ 8 Cl76,

A
(A) Iééw pe
N &
< &
£ ] S A
S F oL Ly
kba ~ & O S & 9
==
47.5— |- o
25— 4 &

_a
(B) LDL
detection .
rScls

detection | W . . ‘

B3 @EEFxMEiEREfRSHERN SDS-PAGE(A)
% Dot blot(B) #& il 45 R

Fig.3 Eluted fractions from affinity chromatography-binding assay
were analyzed by 15% SDS-PAGE (A) and Dot blot (B) to detect
the interactions of C176, C176V with human plasma LDL. Bands
corresponding to C176, C176V are marked with open triangles, solid
triangles stand for ApoB100. No rScll ( recombinant Scll) lane is
the control without rScl protein immobilized. LDL and rScl

preparations were used as markers. M: Molecular mass marker.

Cl76V # W] 5 LDL % 3 % K 4> ApoB100
(apolipoprotein B100) 454, B & 3-A A7 520 = 4
0 A, Z TR AT WF R B OUE KR K R
ApoB100"™' . [k Scll % CL X 5 ApoB100/LDL
AL TR Sell 5 V X 5 ApoB100/LDL 4%
A E X
2.3 C176 #1 C176V 5 A\ LDL fj ELISA i I& 45 R
a5 EHE H C176 1 C176V 5 A LDL
i ELISA ¥, 45 5% (&l 4) ] C176 F1 C176V ¥
5 LDL 455 Jf S BB BEAROBE OC &R (P <0.05, 22 5%
BF) U FhEs & & —F e R e A AR

14
W Cl176
L2F gy
1.0}
z 08F
Q
S 06
04}
02}
0 1 1 ]
0.025 0.05 0.1

¢(LDL)/(mg/L)

4 C176.C176V 5 LDL #j ELISA & 8§
Fig. 4  Interactions of C176, C176V with purified LDL detected
with ELISA.

2.4 M41 EF1 M6 & GAS 5 A\ LDL &£ &k 4
LS

R 3: M41 B HT M6 % GAS 5 A LDL fif ELISA
I, S5 5 (B 5-A) 3R B M41 A GAS n] DL if L3R
[ Scll 5 LDL 254 I 5 Wk BEB BEAR A OC &R (P <
0.05, %5 W%),M M6 % GAS A5 LDL &4, =
B A B 58 2 B, M6 #1 GAS MGAS6169 f Scl R 5
LDL 45 &', Wi A< §F 5¢ f B i B bk M6 %1 GAS
CMCC32175 fy Scll 5 %] 2 il F 5 MGAS6169
Scll. 6 ( GenBank Yz 35 :EU127997) ¥ %1 5¢ & 40 7] ,
HEM 2% M6 TR bR AN 5 LDL 454, 5 A0 58 1 45
AW, A AE R A5 A B PR X B[R] A, R
M41 I M6 # GAS 5 A i 3¢ J6 07 & 1 48 5 1 45
I FE i i Western blot, £ LDL, 25 5 (€] 5-B) 3R B
M41 £ GAS ®] DL 5 A1 i LDL 454, i M6 #!
GAS ‘g, 1Z45 R 5 ELISA 25—,

3 ik
I3 R 2 1 (3 2 A0 45 5 % B IR &R 1, high-
density lipoproteins, HDL; LDL; #% % % BF I8 & 1,

very-low-density lipoproteins, VLDL %) f4 % 4 /F H
225Xz, LDL 2R EO N EELRr2Z
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(A)
Q:,‘
Q
0.06 0.10 0.16
Bacterial density (OD )
S
®) E ) &
§ & ¢
o )
» <&
> <

)

5 O
& K\
——

5 Md41 2 M6 & GAS 5 LDL #J ELISA(A) &R &
HE5 A+ E LS 2 a9 MY Western blot(B) #&
s R

Fig.5 Interactions of M41-type, M6-type GAS cells with LDL detected
with ELISA (A) and Western blot (B), the samples analyzed in Western

blot were derived from whole cell binding assays.

—, Bl 5 AL MR A LDL ZAKE5G, ) i
HMH AU Gz B T B, — A Ry, e vk B Y LDL-JIH [#]
Pt 75 By S BB ok ok B A A, R 5 300 1 R 1Y S
a7 (AR SR H 26 W LDL A7E By A0 S i
A Wy R T T B AT B B B /R Y. 4 LDL Al
LAR I 42 # G A B Y o-# Z ™, VLDL il LDL
W ELAA R 2 0 B 06 1k, a0 — e B R (2
fii % 95 B8 , Japanese encephalitis virus'?" s KB i,
Rubella virus'™") J — $6 FF 4R 5 2 CIF R A5 2,
Rabies virus ; 7K ¥ 14 1 & R 9% B, Vesicular stomatitis
virus) , W AT DL 550k B (SA-11 rotavirus) 454, b
A A M A A T e 53 4 LDL AT LA B
HE [C B ( Yersinia pestis) 3% 1 () pH6-antigen 454> |
WATLL S ZF M AL GAS iy Scll 4541,
RATE 9T & I, R4 M41 % GAS ATCC12373 5
MGAS6183 ) Scll 7 & I F 5 LA —EEF,V
X & HE R P 51— BEAU A 65% {HH A AT 5 LDL 45
SPESE A XM S T TE GAS th B —E 1Y% i
Pk AT it — 2853 B Scll 5 LDL AH BAE 1
O3 A SR AL T LAY AT RL, X R AR BLAE S AR T
PUA B BT GAE IR 2 A R TR AR, B A1 T
i — L AR .
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Scll of M41-type group A streptococcus binds low-density
lipoprotein

*

Chunwei Liang'”’, Ruidong Zhao'’, Yuming Gao®”’, Runlin Han®”’

('College of Life Sciences, *College of Veterinary Medicine, * Research Center of Plasma Lipoprotein Immunology, Inner
Mongolia Agricultural University, Hohhot 010018, China)

Abstract ;[ Objective ] To study the interaction of streptococcal collagen-like protein 1 (Scll) of M41-type group A
streptococcus (GAS) ATCC12373 with low-density lipoprotein ( LDL). [ Methods] We cloned, expressed and purified
the recombinant proteins rScll and its V region rScll-V, designated as C176 and C176V, derived from Scll. 41 of M41-
type GAS. The binding of rScll to LDL was detected with affinity chromatography-binding assay, Western blot analysis
and enzyme-linked immunosorbent assay (ELISA) , and whole cell binding assays were used to detect the interactions of
whole GAS cells with LDL. [ Results] The results demonstrated that C176 and C176V could specifically bind purified
LDL, and M41-type GAS cells expressing native Scll could bind LDL whereas M6-type GAS could not. [ Conclusion ]
The Scll of M41-type GAS specifically binds LDL.
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