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Table 1. The primers used in this study

Primer Sequence (5 —3")

ccpA F CGGGATCCATGAATGCAGATGATACAGTA

cepA R CCCTCGAG CTATTTACGTTTTCGTGTTGA

cps F TACACATCTGCTTCTAAAATATTGT

cps R TTAAAACGTCTACTCATGATTAACA

erm F CCGGGCCCAAAATTTGTTTGAT

erm R AGTCGGCAGCGACTCATAGAAT

ccpA UP F TTGTAGTGGCGTATTTGG

cecpA UP R ATCAAACAAATTTTGGGCCCGGTCCTTTTCCTGTCCTTTCTA
ccpA DW F ATTCTATGAGTCGCTGCCGACTAAAAAATCAGGGAATCGAG
cepA DW R CAGCATTTCAAGGTCATTATC

ccpA iden F GGTAGCAAGGAGCTAAACCT

cepA iden R TAAAGAACTCAACGCCCAAA

cepApJW F CTAGCTAGCATGAATGCAGATGATACAGTAAC

ccpApJW R ATAAGAATGCGGCCGCCTATTTACGTTTTCGTGTTGA

1.1.3 SCIG 049 :SPF 4 B B/ B, BETE, 6 -8 )4
ke, AT 18 -20 g,y A BIKE R R Pho. K
WS S i) B 3 AR B 75 & B R B B K 3 h
O PR E FAH R4S B A K .
1.2 CcpA EHEAHMIRIELAWL

B copA KR 4 K 34T PCR 378 (cepA FccpA
R) it BamH 1 M Xho 1 W D)4L 2745 N pET28a Jit

Firf, B4 2 &5 E. coli BL21 (DE3) , B Bl 1 %
OB B VR YT KRG 9%, PCR K XU V) %6 o Ja» B PE 52
B 32 b 5N A e Kk DR RE B 3 A7 B A W
CepA BALHE A T RIL KA 755 % L
Bk (5] IF e AR 18 e 5 5 518 IPTG 2R 2 0
0.5 mmol/L,20°C \120 r/min 5 § £ 7 10 h. 4ifp
A4 4 9 H 20.40.60.80.500 mmol /L. ¥ i vk i3k
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K ELISA . ¥ DOC 2 fif 1ty %t % 2B K 1 v
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4% F 96 FLA 1,4°Cid % ,2% BSA 37°C 4] 2 h,

VEBR 3 U N SE R 2 0 —Pu (e Hr 3B 2 4 o1 Fif
13 B 4D (1:2000) ,37°CHEFE 1 h, YEAR 6 ¥, In
A HRP 45 4d 2 $ii % = $t (1:5000) , 37°C i &
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b RNV, 450 nm K WO FE AR
1.8 KR EE PCR

M C o+ Y 2 & B 9R 5 B 97 SP D39,
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B Kb 3], R HCAN T RNA, 3 8 5% 4 ¢DNA, Ll
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thZ& J: ddH,0 9.5 pL, ¢cDNA 2.0 pL, 51 9 %
0.5 wl, & 12.5 L, 3L 25 pLe M 444 K :95C A
P10 5,50°C B kK 15 s5,72°C L1 20 s, 3L 40 PMEIER .
L9 FitFH*E

N H GraphPad Prism 5 # F 8E4T 8 vF 2% 40 #7»
Hod 5 HERCR D A 56 2 AT B A B A /b ST TR
SR 3 U, B P <0.05 b 72 547 G il o7 5 3o

2 iR
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SDSPAGE W B 7x (B 1), 5 T /5 M &4 1§
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El 1. CcpA EABHMRERA L

Figure 1. The expression and purification of CcpA recombinant
protein. A:The expression of CcpA recombinant protein. M, Marker;
lane 1, Uninduced pET28a :: cepA /B121 (DE3) recombinant strain;
lane 2, The whole cell lysates of induced pET28a :: ccpA/BL21
(DE3) recombinant strain; lane 3, The precipitation of the whole
cell lysates of induced pET28a :: cepA/BL21 (DE3) recombinant
strain; lane 4, The supernatant of the whole cell lysates of induced
pET28a:: ccpA /BL21 (DE3) recombinant strain. B:The purification
of CepA recombinant protein. M, Marker; lane 1, The purified CepA

recombinant protein.
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) CepA & 14 SDS-PAGE 43 ¥, n] WL 4E M X 43 1
JAE 2y 37 kDa [f) 5 — 8 (1 454, 200K 90% , m]
ENEE LB
2.2 CcpA EARTUHREDHF

ELISA Wl 45 R %7, Pr 3k $it CepA £ v [ $t
RIS 1.5 x 10° (B 2-A) - Western blot 43 #7
BorPik 5 EY CopA MAK LR ML S,
AT CepA B ARSI b7 (B 2-B) .

K4 8 Fofr A [w) I v 7R it 48 B 1K TR R A 5 » Western
blot 43 #7127~ (B 2-B) , 18 % il i 74 1) il 98 % BR 1
B A CopA — 4 I — 26 AH [A) K/ B 4
PEZ AT, $€78 CepA 78 A [R) ML v B il 48 B 2K 1R
v ST Ak DR SE BT

pre-immunization

(A) 10" 5 [T11] after-immunization

IgG in serum

102 4

Antibody titers of anti CcpA

IUL_

100 :
Groups

(B) 1 2 3 4 5 6 7 8 9 10

2. CcpA EAMRSTIESD 7

Figure 2. The conservation of CcpA protein. A : Antibody titers of
anti CepA IgG in serum. B:The conservation of CcpA protein.
Lane 1, Serotype 5 (CMCC (B) 31011) ;
(D39) ; lane 3, Serotype 3 (CMCC (B) 31436) ; lane 4,
Serotype 4 (TIGR4) ; lane 5, Serotype 6B (CMCC (B) 31207) ;
lane 6, Serotype 14 (CMCC (B) 31614) ; lane 7, Serotype 19F
(CMCC (B)31693) ; lane 8, Serotype 23F (CMCC (B) 31759) ;

lane 2, Serotype 2

lane 9, The purified CcpA protein; 10: The negative control (E.
coli BL21) .

2.3 EMSA IiE CepA ZER 5 CPS BFFREM

+ A
zFI =]

EMSA 255 oR (& 3) , CepA EAEHASEY)
FARIC CPS #REF (K2 218 bp 1 eps LA 8) 1

DO WA 5 B HL UK B A S gk, BB
BV B TR H 0 s i S TR 45 (0 R R A7 A
B F J5 (line 3 - 10) , iy [& B A AE#54d (1) CPS
PREFI, JLW JG 46 7 960 0 2 A8 1k (line 1), 08
CepA TH 5 CPS AT 1Y 45 & RN 1 56 4+ 1 0 1)
R R BN CepA WHAEBE A Y ops F A 31
F 5 AR S I A o

1 2 3 4 5 6 7 8 9 10

~~‘~_\M

. »
Naad

El 3. EMSA LI IE CopA ER S cps BT R ERA

#a

Figure 3. Electrophoretic mobility shift assay of the interaction
between CcpA protein and the promoter region of cps locus. Lane 1,
CcpA protein 6 g, labeled cps probe 1L, unlabeled cps probe 8 uL;
lane 2, CcpA protein Opg, labeled cps probe 1pL; lane 3, CcpA
protein 0. 6 g, labeled c¢ps probe 1uL;lane 4, CecpA protein 1. 2 g,
labeled cps probe 1 pL;lane 5, CepA protein 3 g, labeled cps probe
I wL;lane 6, CcpA protein 4. 8 g, labeled cps probe 1pL; lane 7,
CcpA protein 6 g, labeled ¢ps probe 1uL;lane 8, CcpA protein 9pg,
labeled cps probe 1pL; lane 9, CcpA protein 9. 6pg, labeled cps
probe 1L ;lane 10, CcpA protein 12 g, labeled ¢ps probe 1 L.

2.4 ccpA BEERREIEBERER
Bk

1 Western blot 43 #1 % %€ D39.D39AccpA
2k CopA 2 1) &k (& 4-A) , K H] ELISA
LRI A5 WA CPS 25 B, I [R) B AR I S 6 5 p 2k
Al eps2A P} cps2B f] mRNA £k &, Q"%ﬂj?,ccpfl
B RS i REEER B CPS & BETH . ROR I Zn®”

JHlE CPS 5 8

TR SRR K ik CepA I [(D39AccpA 2 cepA) ®
@71, CPS & & 5 R BRAR L, Ml ot Zn® " S A
%bi‘ii%ﬁ CepA J5 [(D39AccpA 2 cepA) @ Zn.
(D39AccpA :: ccpA) @Zn ], CPS & & W #H L T ¥ 4

T D39 (& 4B) o KK cps2A Fl cps2B ff) mRNA £
k&Y CPS & & I A4k — 30 B cepA 2K J5 » HE A

cps2A Fl ¢ps2B [t mRNA F£ik L, M 5 A7 o s i %
15 cepA J5 » FE A eps2A Fll eps2B ) mRNA F XN T
W AR T B2 5 D39 (1 4-C)
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(A) 3 4
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5 6
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(B) '
2.5 7 *
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D39

D39 AcepA
D39AcepA::cepAL)
D39 A ccpA:cepA@)
D39 A ccpA::eccpADiZn
D39AcepA:::cepA(2)7Zn

ZNEHE

(©

mRNA

B D39
[TT] D39Acepa
= D39/ cepAd:icepd Zn

Gene name

4. FEfR % 1E (CPS) B9

Figure 4. The detection of the CPS content. A: Western blot of CepA expression of D39, D39 A ccpA and ccpA complemented strains. Lane 1, D39 ; lane

2,D39 AccpA; lane 3, ccpA complemented strain (@D without overexpression of CepA; lane 4, ccpA complemented strain(@) without overexpression of

CcpA; lane 5, ccpA complemented strain(D) with overexpression of CepA ; lane 6, cepA complemented strain@) with overexpression of CepA. B: ELISA of

CPS content of D39,D39 A ccpA and cepA complemented strains. = P <0.05; " P <0.01. C: Realdime PCR of mRNA of gene cps2A and cps 2B of

D39, D39 A cepA and ccpA complemented strains. © P <0.05;* P <0.01; P <0. 001.

3 g
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T ML TR OE .

CepA FR 2 — il L5 B AR U U4 55 AH O 10 % 5k N
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PSR I R A ops FER o T A AT 45 R WK
B R F CepA R FIHISERE S ops &R R 137 1 3
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(S P A T JEHLAI A B L S eps JE DX B )3 B 7
54 N eps FERRIE, WG CPS 1) & bl 5 %
fi.
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SCHR CUUE W CepA X 38 [R] 0 4 9 52 S [ B 2 )
BB s 1 L CopA XE B 2 LB AR i
P10 R 48 AN [7) L7 7R o A7 2 5 o 0 R R L
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Regulation effect of CcpA protein on the biosynthesis of
capsular polysaccharide in Streptococcus pneumoniae
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Abstract: [Objective] We studied the regulation effect of glycometabolic protein, catabolite control protein A (CepA) ,
on the biosynthesis of capsular polysaccharide (CPS) in Streptococcus pneumonia. [Methods] His-tagged CepA protein
was expressed in E. coli BL21 (DE3) and purified by Ni*" affinity chromatography. The anti-CcpA serum was obtained
from immunized mice and the antibody titer was determined by ELISA. The conservation of CcpA was determined by
Western blotting. In addition, binding of CepA protein to the promoter region of ¢ps locus was verified by EMSA. The
amount of capsular polysaccharide was determined by ELISA and compared among wild type D39 strain, ccpA mutant and
the complement strains. [Results] CcpA protein was conserved in different pneuococcal serotypes included in this study.
EMSA assay revealed that CepA protein could bind the promoter region of the ¢ps locus in a dose-dependent manner. The
absence of ccpA gene led to an increased expression of capsular polysaccharide, and complement expression of CcpA
protein significantly reduced the amount of capsular polysaccharide. [Conclusion] CcpA is conserved in Streptococcus
pneumonia, which plays a role in regulation of the expression of the capsular polysaccharide.
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