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1 AR %

L1 #a
L1l TR AR A il 58 4 3K i D39 1 AR 1 A 3
[E = 2% M’ T Fp A g o .0 ( National Collection of
Type Culture ,NCTC) , fili & 55 3k 7 CPM8 B £k ( & A7
LLAE R YIRS h 28 [F N K 2% Morrison 2 #% 21
W M FT B ( Escherichia coli) DH5 o B ¥k ( 7 & {4
f7), PMVI158 %¢ # Jii %Ki i Manuel Espinosa Z #2
( Biological Research Center Ramiro de Maeztu, Spain)
2

1.1.2  FEXF AL ES : Primer star &= {4 E [ , Bgl
I ,sal T PRI IEE, DNA maker, Real Time PCR
IR &, DNA 24670 & RNA 3 5% 50 &, 1l
TaKaRa 2\ 5] ; RNA $#2 U504 H OMEGA 24 ] ;
T4 JESL I A Promega 23 7] s 4l 18 JE I 241 DNA $2 1L
R & B RAR AR (A6 50) A7 BR 2 w5 i i
R & B Invitrogen A\ HT 38 M5 2 BEHUAA G A
Statens Serum Institut ( F} 22 ) , H A 570 2 4 B 7= 8
i R T

L 1.3 515019t a4 Bk A PR IR
BRI,

x1 ATyHBEXEENY

Table 1  Primer pairs used to amplify related genes

Primer Sequence (5'37) Gene 1D or reference
P1 ATCAATCTTGTCTCGGTCAG GenelD ;4442007
P2 CTCCTGCTATGACCTATGTG GenelD ;4442846
P3 ATCAAACAAATTTTGGGCCCGG - TAGCAGCAATCTTAGGAATCTA GenelD ;4442007
P4 AATTCTATGAGTCGCTGCCGACT - ATGTAAGAGTGCGGAATGAT GenelD ;4442846
DAM212 CCGGGCCCAAAATTTGTTTGAT See reference 5
DAM213 AGTCGGCAGCGACTCATAGAAT See reference 5
0873F1 ACGCGTCGACATGAGAAAACAAATTCATCC GenelD ;4441962
0873R1 GCAGATCTTTAAGGTTTTAAAAAAAGT GenelD ;4441962
0873F2 CATAAGCGTAGACAGCAACT GenelD ;4441962
0873R2 GACAAACCGATTATTGACCT GenelD ;4441962
16s rfRNA F GTAGTCCACGCTGTAAACGATAAGT GenelD :4441719
16s rfRNA R CTGTCCCGAAGGAAAACTCTATCT GenelD ;4441719

Bolded section of P3 refers to a sequence complementary to DAM212. Bolded section of P4 refers to a terminus complementary to DAM213. The underline

in 0873F1 and 0873R1 refers to sites sal I and BglIl , respectively.
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FIFH KR [R5 PCR 5 AR #4 @t spd0873 &[4 fiit
T, S LU 58 4 BR A D39 B Ak 2k K20 DNA
FHT, FH P1.P3 5144 0873 L iiF 3L K, P2 P4 5]
WP 0873 T iEEL A, SR 5 DA 48 55 Bk R CMP8 7 5
RU2H S A5, ] DAM212 \DAM213 5] ¥ 9 21735 R 5
(erm) , SR J5 B3 =950 o Ak PR 42 55 BE R L TR &
H P1.P4 5|9, 9 8 H spd0873up-erm-spd0873down
HEHE P o g 5 ) T A B N 9% BE R D39 T
BT & 0. 25wg/mL ZLFE FK VA B, P BH % 4
T, % PCR J ¥ %5 , IE ) BRI 2 D39 A0873 it 5k
(D39 A0873),
1.3 TEHERBRARNGRKEREE

DL 28 55 2K 7 D39 T bk [F 21 DNA i A,

H51% 0873F1 0873R1PCR ¥4 H i # A, £ Sal 1
+ Bgl 11 XUEE Y J5 4/ A B A A [ B D) 3 3k
PMV158 ¢ #% Ji b rfr , 55 21 5 B Ay 44 S PMV158 +
0873 %% J5 %% A DH5« B, il & 16 png/mL JU IR %
(1) LB ~F-Ar %k BA P o B F 47 0 6 , % 0 18 Hf B BA P
v RESEAT R PCR, RURG U) B2 285 o % 4% 1E
i ) PMV158 + 0873 Jii ki f% b 5] D39 A0873 il 2k
T Tg/mL PUPRE il -F- A b, Bk B 5%
b+, 4 PCR Bl Jy % 58 B )5, B R i A 9K f o
i B 2 B R (D39 A0873 +0873)
1.4 A£KHERALBRESKEN

TET 2% 2 ZFHE C + Y Bi 3R 340l i 37 D39
D39 A0873 Jz D39 A0873 + 0873 &, ¥ 5 & i 0D
{H—30, B0 1h P& —RIOEEE(E 0D, , AW OGE
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{EL A A A A, BT ] Ay A A A 22 1 A K T4, O 0 4
E R N G R(EE R N UIE 23711 1= B s o A
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P4 i 45 5 2K 7 D39 . D39 A0873 J2 D39 A0873
+0873 THIRTE C + Y Hi 3R B 32 & 0D, =0. 5,
WO AT, 98 B — 3. % BALB/c /N B AL
43183 41, Bl D39 41 . D39 A0873 4 J% D39 A0873 +
0873 4 ,H:2H 12 H 43 BITERE E NI A 0. ImL B
B4 1 x 10°CFU/mL, it s /8 RAE T 5 18], ] 45 3]
LB ], 25 5 ] mann — whitnay U #5307 6
1.6 #E3kEE PCR &M 0873 HE KX

TE T 2% 2 ZFEI C + Y 35 35 3 43 i) 15 37 Il ¢
HEER T D39 . D39 A0873 K D39 A0873 + 0873 [ #
% 0D, =0. 6,3 OMEGA 2] RNA $2 Bt 71 £ 45
YE$LEL RNA | SR J5 36 5% 5% 7 ¢DNA | DL ¢DNA h 5
Hz ,16S rRNA iy 4 2, L8| % 0873F2 0873R2 17
BEE T PCR K, Xt 0873 k& [K ik 47 41 X & Ko
I, W 2% spd0873 FE A #E D39, D39 A0873 K D39
0873 [l 5 58 A48 1/ rft /) % 3k 1, DL &5 T AR 19 spd0873
mRNA $% UL {8 5 AH % 16SRNA $% UL A 9 Lo f B X
%, ] GraphPad Prism 5 VR K, FIAERC XS T 46 %
Xof 529 25 AT G AT .
1.7 BERN

W 10 mL X550 A= K v 3 il 4 4% Bk T, DA 3
2400 x g B5.0 10 min, 55 5 B, A 1 mL %
[, 3% B 58 = A, & 99 L W B Hitachi-
7500 ( H 728\l ) W22 JE B8 22 W o A%, i K A% 2L 10
Tt
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B, B 52 UGS VEAR 6 U, 5 11000 L 46 7 B 4t
e MUK, B LA 100 wWL,37°C 1h, 8k 5 Vb
6 X, 4% 1:5000 Ffi B Ll =F 40 %R 1gG, B AL A =5t
100, 37°C 45min, P& #% /5 0 A TMB & /R ¥
100 L,37°C 15min, fil A 2 1k W 2 1F W, 3 K
450nm ] OD {& , F GraphPad Prism 5 X {4:/E &, i
AEFC X T 4G 56 % 52 56 25 R AT e 2F 434T o
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A R SRS HE TE A, R oSS . M TR 1Y E A
BARFL AL 58 4 BR 1A D39 spd0873 fift 2% T #k , 75 7%
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Fig.1  mRNA expression level of spd0873 in S. pn D39, D39
A0873 gene knockout mutant containing rescue plasmid and D39

A0873 gene knockout mutant. ( ##% P <0.001).
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0873 JE[H F ik, #2718 D39 A0873 JE A file 5k i ) 8 1k
;D39 A0873 +0873 [ £ H spd0873 JL K A £k,
B E R KRR R T D39 BFAEH (P <0.001) , 42 /R4
A PR BT B R R TR RS ) (1) o
2.3 D39.D39 A0873 B D39 0873 Bl E =T EH
ERHE

AR ML AT LA RS 2% 22 2R 0 C + Y
Fi e Herh, D39 A0873 TR A B A RS A Kl
2,1 D39 A0873 + 0873 /L K AE A LI E 1
K BB 5T 4 A B B A B PR 09 2B KK R, & T spd0873
FE R i S5 B ma i A (B 2)
2.4 D39.D39 A0873 & D39 A0873 +0873 & 4B
mERE

eSO WA T, D39 BP A TR AE C + Y B
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Fig.2 The growth curve of S. pn D39, D39 A0873 gene knockout
mutant and D39 A0873 gene knockout mutant containing rescue

plasmid in C + Y media plus 2% maltose.
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Fig.3  Microscopic morphology of S. pn D39, D39 A0873 gene knockout mutant and D39 A0873 gene knockout mutant containing rescue plasmid

(1000 x ). A. D39 strain;B. D39 A0873 gene knockout mutant;C. D39 A0873 gene knockout mutant containing rescue plasmid.
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i /N BLRE ) SE B AR o, D39 B AR TR RE )
S, /N B 7 2 AE B R < 12 b, 5 DL 5E 45 SR A
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BRI E R PR T A 3 HAE 75 h A48T, AR
INE— BLAETG o 24 7E D39 A0873 1 $23k spd 0873
FEP S, AT A 90 TR R O W G R v o7 AR A R TR] 2
455 h(P <0.05) ,% 01 spd0873 & fiili ¢ 5% BR & D39
wkh B —FEE I (8 4)
2.4 HEKRTEEREK

Wt #F 4% R %P D39, D39 A0873 FI D39

A0873 +0873 LA #EAT %S, vl LLF 2] D39 #f 4
TR R S BB AR | T 460 2 TR 58 4 AN B TP I AR, X 7 ik
S Bk 2 1 spd0873 3L H J5, D39 A0873 + 0873
TR T SR 22 Y B B R o 4 [ A B B 4R TR AR 1Y
TP AR Bl 2R T 2 I 22 W I A (BT S )
2.5 EEREZHESEWRN

J ELISA 3% % fili ¢ 5% 5K D39 B . D39 A0873
Je D39 A0873 +0873 T8 3 ik 22 Ml & it A7 R I, 45
SRR spd 0873 i 2k T 2 I 22 Ml ¢ 3k i B Y AR T
B 5508 0, T D39 A0873 + 0873 1 J5 i £ 4 32 3 i
B T TR AR R 52 4 Il i & B AR B AR OKOF (P
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Fig.4  virulence experiment for BALB/c mice after intraperitoneal

infection.
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Fig.6  Compare capsular polysaccharide content of S. pn D39, D39
A0873 gene knockout mutant containing rescue plasmid and D39

A 0873 gene knockout mutant. ( #x% P <0.001).

B 5 D39.D39A0873 K D39 A0873 + 0873 H L $5 7225 (100000 x )

Fig.5 Transmission electron microscope( TEM) morphology of S. pn D39 ,D39 A0873 gene knockout mutant containing rescue plasmid

and D39 A0873 gene knockout mutant( 100000 x ). A. D39 strain;B. D39 A0873 gene knockout mutant containing rescue plasmid;C.

D39 A0873 gene knockout mutant.
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Jr R I PMV158 ki & —Fh Z2 98 DBk A ¢, H
T 3 PR ) BB AT 9 104 K SRR 2 224 PR R S A .
— PR R IR H Ak R v B B 2 85 D1
KL R S A il 9 B R TR R R B AR v 38 2o TR
RS TiIESRREEWIEE; 5 — Mk a5
PR v e T 08 Il 98 B BR T T A i A2 A R ( AR T
Kz ) v, K PR SRR BE 5 A5 A R A 2 4H B AL R 4l
b O H B BRI Y 3R 08 45 5 B A bR AR A . (R
AT 3K b PR KT 1 28 & mT BB X H A LR R I = A
W ARAL , T SO G 3 [ 3R 3K K SF- AR T 7 AR — sk
AR FRALON o PRIk, FRATT R T4 — b 4 K Bk
UEEE A () D RE 38 i 22 28 B8 A 3l PR KBk i H Y
LR LY T E R 2R R R 7 AN A B
AHOCHEE A By I 45, B L, & AT B 2 5 3 spd0873 KL [
35 W I [] B2 KT 55 B AR TR R AN [, DT 5 S04 1
(A= )2 PR AR AN e 8 4 S P AR I — 3K

%% ik

[ 17 Balakrishnan I, Crook P, Morris R, Gillespie SH. Early
predictors of mortality in pneumococcal bacteraemia.
Journal of Infection ;2000 ,40(3) :256-261.

[ 2] Chiang SL, Mekalanos JJ, Holden DW. In vivo genetic
analysis of bacterial virulence. Annual Review of

Microbiology ,1999 ,53.129-154.

[ 3] Meng JP,Yin YB,Zhang XM, Huang YS,Lan K, Cui F,
Xu SX. Identification of Sireptococcus pneumoniae genes
specifically induced in mouse lung tissues. Canadian
Journal of Microbiology. 2008 ,54(1) :58-65.

[ 4] Guiral S

Hénard V , Laaberki MH , Granadel C ,

Prudhomme M, Martin B, Claverys JP. Construction and

evaluation of a chromosomal expression platform ( CEP)

for ectopic, maltose driven gene expression in
Streptococcus pneumoniae. Microbiology, 2006, 152 ( Pt
2) :343-349.

[ 5] Lee MS, Morrison DA. Identification of a new regulator
in Streptococcus pneumoniae linking Quorum sensing to
competence for genetic transformation. Jouranl of
Bacteriology ,1999,181(16) :5004-5016.

[ 6 ] Kadioglu A, Weiser JN, Paton JC, Andrew PW. The role
of Streptococcus pneumoniae virulence factors in host
respiratory colonization and disease. Nature Reviews
Microbiology ,2008 ,6 (4) :288-301.

[ 7] Bentley SD, Aanensen DM, Mavroidi A, Saunders D,
Rabbinowitsch E, Collins M, Donohoe K, Harris D,
Murphy L, Quail MA, Samuel G, Skovsted IC, Kaltoft
MS, Barrell B, Reeves PR, Parkhill J, Spratt BG.
Genetic analysis of the capsular biosynthetic locus from
all 90 Pneumococcal serotypes. PLoS Genetics ,2006(2) ;
262-269.

[ 8 ] Mollerach M, Lépez R, Garcia E. Characterization of the
galU gene of Streptococcus pneumoniae encoding a uridine
diphosphoglucose pyrophosphorylase: a gene essential for
capsular polysaccharide biosynthesis. The Journal of
Experimental Medicine,1998,188(11) :2047-2056.

[ 9] Hardy GG, Magee AD, Ventura CL Caimano, MJ,
Yother J. Essential role for cellular phosphoglucomutase
in virulence of type 3 Streptococcus pneumoniae. Infection
and Immunity, 2001, 69(4) ,2309-2317.

[10] Concepcion N,Manuel E. Construction of the mobilizable
plasmid pMVI158GFP, a derivative of pMVI58 that
carries the gene encoding the green fluo-rescent protein.

Plasmid ,2003,49(3) .281-285.



TSR s — A T R B N Al R B R T ) M e 2R R R/ U A i (2011) 51 (1) 65

Influenceof lysozyme-like protein on virulence and
capsular polysaccharide synthesis of
Streptococcus pneumoniae
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Abstract: [ Objective] To study the biological character and pathogenic effect of a lysozyme-like protein in Streptococcus
pneumoniae. [ Methods] The gene knockout mutant was constructed by the long flanking homology polymerase chain
reaction. The mutant containing rescue plasmid to complement the lysozyme-like gene was also constructed. The
differences in biology and pathogenicity in D39 wild strain, gene knockout mutant and gene knockout mutant containing
rescue plasmid were observed to identify the functions of the lysozyme-like gene. [ Results | Compared with the wild strain,
the gene knockout mutant had the characteristics of slower growth, declining virulence, and obviously reduced capsule
polysaccharide synthesis. Complement experiment showed when the rescue plasmid was transformed into the mutant strain,
the mRNA level of hypothetical lysozyme-like gene in the gene knockout mutant containing rescue plasmid was higher than
that of the wild strain. Although the levels of virulence and capsule polysaccharide synthesis could be partly complemented
compared with those of the gene knockout mutant, but not reached the levels in the wild strain. [ Conclusions ] The
lysozyme-like protein, a new Streptococcus pneumoniae virulence factor, may regulate the proliferation and the capsular
polysaccharides synthesis of Streptococcus pneumoniae to affect expression of virulence.

Keywords: Streptococcus pneumoniae, lysozyme, virulence, reverse mutation, capsule
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